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SOME EARLY TERTIARY RHINOCEROSES AND 
HYRACODONTS ! 
By HORACE ELMER WOOD, 2ND 2 


Following the work of Cope, Osborn, Peterson, Troxell, 
and others, the time seems ripe for a revision of the Eocene 
hyracodonts and the earlier true rhinoceroses, from a 
phylogenetic standpoint. The progress of discovery since 
Osborn’s monograph of 1898 and his paper of 1900 calls 
for a new survey of the lnes of evolution followed; and in 
particu! +'~ discovery of the long-postulated Upper Er 
cene ancestors of the true rhinoceroses gives a new start- 
ing-point from which to consider the phylogeny of the 
group. The most that can be hoped for is an approach 
toward the formulation of the actual relationships; fur- 
ther discoveries will doubtless modify extensively the lines 
of descent drawn in this, as in all earlier attempts. 

This paper includes a systematic revision, with special 
reference to problems of phylogeny, and the description of 
three new genera and seven new species. However, the 
extenuating plea is submitted that distinctly more names 
are demoted to the rank of. synonyms. 

It is a pleasure to acknowledge my obligations to Profes- 
sor H. F. Osborn, Dr. W. D. Matthew and Mr. Walter 
Granger for permission to use undescribed American Mu- 
seum specimens and for facilities in carrying on this study; 
to Prof. Osborn, Mr. Granger, Mr. H. C. Raven, Miss Jan- 
nette Lucas, Prof. J. J. Galloway, and especially to Dr. 
Matthew for various helpful suggestions; to Dr. J. W. 
Gidley for permission to use the National Museum collec- 
tions and for various courtesies in connection with my 
visits to Washington; to Mr. O. A. Peterson for permission 
to use the Carnegie Museum material and for innumerable 


1Investigation aided by a grant from the New York Academy of 


Sciences. 
2 Department of Biology, Washington Square College, New York 


University. 
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courtesies during and after my visits to Pittsburgh; to 
Professor R. S. Lull for permission to study the collections 
at Yale; and to Profesor Lull, Dr. E. L. Troxell and Dr. 
M. R. Thorpe for various courtesies; to Professor W. J. 
Sinclair for permission to study the Princeton collections, 
and to Professors W. B. Scott and M. S. Farr for various 
other courtesies during my visit to Princeton. I am in- 
debted for secretarial assistance to Miss N. E. Binger, and, 
especially, to Mrs. C. P. Meadowcroft. 

The drawings of the specimens in the Carnegie and the 
National Muscums are the work of Mr. Sydney Prentice. 
For the other drawings I am indebted to Dr. Florence 
Dowden Wood. Finally, I wish to recognize most em- 
phatically my debt to Professor William. K. Gregory for 
first suggesting this subject and for his invaluable advice 
and encouragement. 

In this paper I shall use the orthodox molar terminology 
for the molars and for the analogous (but perhaps not al- 
ways homologous) elements in the premolars. It must be 
emphasized, however, that these terms as applied to the 
upper teeth are arbitrary topographic terms and do not 
represent the actual order of cusp development. The sub- 
ject has been discussed fully by Gregory (1922). 

I shall use the following classification for the rhinoc- 
eroses : 

Superfamily Rhinocerotoidea Gill, 1872, modified by Os- 

born, 1898. 

Family Hyrachyide = Hyrachyine, Osborn and Wort- 
man, 1892. 

Family Amynodontide, Scott and Osborn, 1883. 

Family Hyracodontide, Cope, 1879. 

Family Rhinocerotide (Rhynocerotide Gray, 1821, 
corrected to Rhinocerotide by Owen, 1845). 

I agree with Scott (1913) that it would be slightly pref- 
erable to rank the rhinceroses as a family, with the differ- 
ent lines as subfamilies. The other classification is firmly 


167 Woop: TERTIARY RHINOCEROSES 7 


imbedded in the literature, however, and has at least the 
convenience of giving room for still another stage in classi- 
fication, above the rank of genus. It seem impossible to 
join the Hyrachus group with any one of the later lines 
rather than with another, nor does it seem justifiable to 
unite any two of the later groups more closely with each 
other than with the third. In the other direction, the re- 
semblance between the Hyrachyide and the Lophiodontidze 
is obvious, though perhaps increased through parallelism. 

Ringstrém (1924) once more recognizes the elasmotheres 
as an independent family, equivalent to the other lines, 
although a large part of his paper is devoted to showing 
that they are fairly closely related to the more typical true 
rhinoceroses, through the new genus Sinotherium Ring- 
strom (1923). If the elasmotheres constitute a family on 
account of their unusual bulk, the baluchitheres certainly 
should be considered a new order. 


Superfamily Rhinocerotoidea 


Horns when present are epidermal structures, composed 
of keratinized fibers. The orbit and temporal fossa are 
fully confluent. There is never an antorbital depression. 
A diastema is present anterior to the premolars. Both 
upper and lower molars are lophodont. The paracone is 
smaller than the metacone in M 1-2/, and the ectoloph 
forras an acute angle with the protoloph and metaloph. 
M 3/ is usually triangular, due to complete or partial fusion 
of the ectoloph and metaloph, associated with the suppres- 
sion of the posterior buttress. In the lower cheek teeth, 
the talonid is distinctly lower than the trigonid. The 
lowcr molars are composed of two asymmetrical crescents, 
the posterior limb uf each being the dominant element, but 
the anterior limb is never completely lost. There is no pos- 
terior accessory cusp on M /3. The digital formula is 
IV-III to III-ITlI. 
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Family Hyrachyidae 


Type genus: Hyrachus Leidy. North American, primi- 
tive rhinocerine perissodactyls; Wind River, Bridger and 
Uinta; manus tetradactyl; rudimentary horns may appear; 
nasals not shortened, nasal incision slight; I 3/8 C 1/1 
P 4/4—(3) M 3/3; canines are tusks of moderate length; 
fairly long diastema; permanent premolars never molari- 
form;! upper molars with the cusps not fully fused into 
lophs, with the parastyles large independent cusps arising 
from the anterior cingulum, and usually with well-devel- 
oped cristz; posterior extension of ectoloph of M 3/ always 
large; anterior limbs of lower molar crescents small. 

Genera: Hyrachus, Colonoceras, Metahyrachyus. 

Family Amynodontidae 

Type genus: Amynodon Marsh. North American and 
Eurasian semiaquatic rhinoceroses; Uinta to Oreodon 
Beds; manus tetradactyl; hornless; nasals shortened; 
I 3-2/3-1 C 1/1 P 4-8/4-2 M 3/38; incisors originally small 
and progressively reduced; canines huge tusks; rather 
short diastema; upper premolars unprogressive and be- 
come molariform beginning posteriorly; premolars pro- 
gressively overshadowed in size by the molars; upper mo- 
lars have the parastyle plastered against the paracone; the 
posterior extension of the ectoloph of M 3/ is always large 
and everted; lower molars are disproportionately long for 
their width. 

Genera: Amynodon, Metamynodon, Cadurcotherium. 

Family Hyracodontidae 


Type genus: Hyracodon Leidy. North American and 
probably Asiatic, cursorial rhinoceroses; Bridger to Pro- 
toceras Beds; manus tridactyl; hornless, nasals shortened. 
I 3/3 C 1/1 P 4/(4)-3 M 3/38; canines become incisiform 
and little larger than the incisors by Oligocene time; dia- 

1 The only approach being in P /4, where, however, the entoconid 


never fully fuses with the hypoconid to form a talonid crescent, except 
after prolonged wear. 
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stema rather short; P /1 reduced and lost before the Oligo- 
cene; premolars become molariform starting posteriorly; 
upper molars with parastyle plastered on paracone; crista 
usually present; M 3/ with posterior extension of ectoloph 
somewhat reduced but nearly always present. 

Genera: Hyracodon, Prothyracodon, Triplopus, Ar- 
dynia ? Cxnolophus ?, etc. 


Family Rhinocerotidae 

Type genus: Rhinoceros Linn. North American, Eura- 
sian and African true rhinoceroses; Bridger to Recent; 
manus tetradactyl to tridactyl; hornless or horned; long 
nasal incision; I 3-0/3-0 C 1-0/0 P 4-3/4-3 M 3/3; 
tusks, when present, I 1/ and I /2; progressive mediad 
reduction and eventual loss of front teeth; canines always 
small; long diastema; premolars become progressively mo- 
lariform, beginning with P /4 in the lower jaw, and with 
P 2/ or P 4/ in the upper jaw; upper molars with parastyle 
plastered on paracone and early loss of the crista; posterior 
extension otf ectoloph of M 8/ progressively reduced in 
Eocene, and wanting from Oligocene on. 

Genera: Rhinoceros, Opsiceros, Elasmotherium, Sino- 
therium, Teleoceras, Baluchitherium, Diceratherium, Tri- 
gonias, etc., etc. 

No extended discussion of the European rhinoceroses 
has been included in this paper. Guesses as to their affini- 
ties, based on the chaotic literature, are of limited value 
without re-study of the specimens themselves; and, with 
the probable exception of that very obscure genus, Prohyra- 
codon, they are too specialized in structure and too late in 
time to throw much light on the early Tertiary development 
of the North American forms. Several of the new Mon- 
golian forms raise interesting questions, but, with the pos- 
sible exception of Ardynia, I am, at present, inclined to 
regard them as side lines, which do not materially con- 
tribute to the history of the American forms. 
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It is desirable to re-emphasize the correction of certain 
mistakes in the identification ot the tront teeth of the true 
rhinoceroses. As shown by Lucas (1900), Hatcher 
(1901), and Peterson (1911, 1920), the following changes 
are necessitated : 


Corrected Osborn 188, LYZsa, 

Nomenclature 1932p and others 
Upper tusk is IES not 1 2/ 
Next upper incisor is ey not. bk 3/ 
Lower vusk is I /2 (possibly I /3) but not, © 71 


In certain of his more recent papers, Osborn, by a lapsus 
calami, refers to the incisor tusks of the rhinoceroses as 
“tne second incisor above and the second incisor below” 
(19Z3b, pp. 210, 214). A glance at Triyonias osborni 
shows that the upper tusk is the first incisor, as there are 
two other incisors and a canine benind it. The exact re- 
sembiance ot this tootn in the genera in which it iS present, 
from Trigonius to Rhinoceros, is convincing evidence that 
it is the same tooth. The Pees tusk, with one tooth behind 
it in L'rigonids, 18 MOst probably tMe second incisor, but 
the possibility that it is the third incisor instead must be 
kept in mind. The same confusion occurs 1n Osborn’s dis- 
cussion of Baluchitherium (1923a, p. 6), where the tusk 
Is called the second upper incisor. Certainly in the true 
rhinoceroses the tusk 1s re in the amynodonts and hy- 
rachyids it is C 1/ and there is no tusk in the hyracodonts. 
it cannot be the canine in baluchitnerium as there 1s a 
small alveolus immediately behind 11, with the premaxillary- 
maxillary suture still further back. So far as these points 
go they tend to support Osborn’s view that Buluchitherium 
belongs among the true rhinoceroses. Perhaps it descended 
trom Trigonias osborni. I agree with Matthew (footnote, 
Osborn 1924) that “Baluchitherium’ monygoliense is nota 
baluchithere, but more probably a coelodont rhinoceros. 

Peterson (1920, pp. 453-456, pl. LX VI) has shown con- 
clusively that in Menocerus (= Diceratherium) cooki 
dI /3 is present in the very young stage, but that the lower 
tusk (presumably I /2) takes over the space of both dl /2 
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and dI /8. The alveolus for dC /1 remains for a time 
shortly behind I /2 before being obliterated. 

What 1s perhaps this same alveolus (possibly an acci- 
aental or pathological hole, however) is found on one side 
of a mature jaw of Subhyracodon (== Aceratherium) tri- 
dactylum in the American Museum, No. 543. And 
A. M. N. H. No. 1112, Subhyracodon tridactylum from the 
Provoceras Beds near the Cheyenne River, a young right 
ramus, contains the root of dI /1, the alveolus of dI /2, 
tne root ot dI /3, the alveolus of dP /1, also dP /2, dP /3, 
aP /4and M /1 just cutuing the gum. This is what would 
be expectea. It emphasizes the gradual nature of the loss 
ot teeth in the rhinoceroses. 

In Trigonias a tooth was certainly present in the adult 
tor a time at least, immediately behind the lower tusk. It 
was probably I /3 but not dI /3, if analogy with the calves 
described by Peterson (loc. cit.) has any pearing. It may, 
however, have been the canine or the deciduous canine 
retained. 

At the suggestion ot Dir. Grevory | compared the lower 
front teeth of Hyrachyus and Hyracodon with the true rhi- 
noceroses. In Hyrachyus, A. M. N. H.. No. 12855, and 
Hyracodon, A. M. N. H. Nos. 1491, 12460, and 144338, these 
teeth are sufficiently weil preserved to justify comparison. 
In all ot these I /2 accords most closely in position and 
character with the lower incisor tusk in the true rhinoce- 
roses. In general this is borne out, or at least not contra- 
dicted, by all other tess weli preserved specimens I have 
seen at the American Museum and Yaie Peabody Museum. 
In Hy: acodon, No. 12460 (fig. 8), this resemblance is es- 
pecially striking. I 2 is set with its crown squarely across 
the jaw, rather than parallel or nearly parallel to it, and 
the crown shape has a striking resemblance to the lower 
tusks in Trigonias and Subhyracodon. 

An additional argument is the a priori unlikelihood that 
I /3 should become the functional opponent of I 1/, the 
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upper tusk. All these lines of evidence taken together 
make it seem justifiable to regard the lower tusk as most 
probably the second incisor. It will be so referred to 
throughout the remainder of this paper. 

Before describing what is regarded as a new genus of 
true rhinoceroses from the Eocene it is necessary to settle 
its relation to the Eocene hyracodonts, represented by the 
forms which have been referred to the genera Triplopus 
Cope and Prothyracodon Scott and Osborn. This necessi- 
tates a re-study of these forms. 


Family Hyracodontidze Cope 1879 
Subfamily Triplopodinz Osborn and Wortman 1892 = 


Triplopodidae Cope 1881 


Triplopus Cope 1880 


Genoholotype: Triplopus cubitalis. Small, Eocene cur- 
sorial rhinoceroses, with a remarkably precocious cursorial 
adaptation, since the radius and ulna are relatively much 
longer compared to the other segments of the front leg 
than in any other rhinoceros. It differs from other rhi- 
noceroses of the same age in the presence of an ossified 
auditory bulla. I ?/8 C 1/1 P 4/4 M 8/8. The canines 
are apparently considerably larger than the incisors. The 
cingulum is interrupted internally on P 38/ and P 4/. 
M 1-3/ have no internal cingula. M 1/ has no external 
cingulum. The posterior cingulum on the upper molars 
is never very large. The parastyles of M 1/ and M 2/ 
have slightly more the character of rounded, semi-inde- 
pendent cusps, than in the true rhinoceroses. The para- 
style of M 3/ is no larger than in the Eocene true rhinoce- 
roses, described below. 
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Triplopus cubitalis Cope 1880 PIS2) Figs 2):8.204 

The holotype is A. M. N. H. No. 5095, collected by Cope, 
in 1873, from the Lower Washakie, near South Bitter 
Creek, Washakie Basin, Wyoming. It was described and 
hgured by Cope (1880a and 1885a). Further development 
ot the specimen has brought to light a number of previously 
unknown characters. I ?/3 C 1/1 P 4 (3?)/4 M 3/3. 
P 2-4/ are rather similar in external view. The parastyle 
forms a slight ridge along the anterior edge of the tooth. 
A depression follows, succeeded by the very prominent 
ridge of the paracone. ‘The metacone forms a slight ridge 
which scarcely interferes with the general concave sweep 
of the posterior haif of the ectoloph, ending with the meta- 
_ style, ridged on P 3/ and P 4/. The external aspect of 
M 1/ and M 2/ is similar, except that the valley between 
the parastyle and paracone is more pronounced. P 1/ 
(dP 1/ ?) is a simple blade with no internal cusps. P 2/ 
retains a more primitive condition than any other known 
member of the Rhinocerotoidea, its closest resemblance be- 
ing to Hohippus and Homogalax (= Systemodon). The 
external aspect resembles P 8/ and P 4/. The internal 
part ot the tooth slopes away rapidly from the ectoloph. 
Besides the slope ot the ectoloph, the chief internal element 
appears to be the basal cingulum, which rises to form two 
cuspules, on the slopes of the paracone and metacone, re- 
spectively. The posterior is the larger of the two, and is 
connected with the anterior part of the metacone by a very 
small and insignificant ‘“metaloph.’’ The tooth is subtri- 
angular. In P 3/ the protoloph and metaloph join to form 
au. ‘There are two moderately deep outlets from the me- 
dian vailey, of nearly the same depth, at the outer ends of 
the U, between the protoloph and the paracone, and be- 
tween the metaloph and the metacone. The protoloph and 
metaloph are incipiently separated by a_ well-marked 
groove across the crest continuing down the internal face 
of the tooth. P 4/ has no separation whatever between 
the protoloph and metaloph which form an undivided u, 
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enclosing a deep basin. The lowest point on the ridge is 
between the metaloph and the metacone, at which point 
there is a deep outlet. There is no internal cingulum on 
ihe upper molais. M 1/ has no external cingulum. There 
is a crista on M 1/ but none on M 2/ or M 3/. The pos- 
terior cingulum of M 2/ is exceptionally small. M 3/ is 
still in the alveolus. It shows a distinct advance over the 
Hyrachide, but there is still a well-developed, posterior ex- 
tension of the ectoloph, of somewhat the same type as in 
Hyracodon, but farther from the median line. An ossified 
auditory buila is present, a structure which has not been 
found in other rhinoceroses of at all similar age. The 
manus is tridactyl. Detailed measurements are given be- 
low, as weil aS a more accurate and complete figure than 
those of Cope (1885a and 1887). 

Additional development of the type brought to hght a 
number of important new characters of the upper cheek 
teeth, and makes it possible to correct several mistakes in 
Cope’s description and figures. Cope’s “extra ridge’ and 
“yot-hook”’ on dP 4/ and M 1/ were simply due to part of 
the metaloph being broken off and separated from the rest. 
The enormous crista-like swellings which partly blocked 
the valleys of M 2/ and M 8/ proved to have no certain 
connection with those teeth, although it is also possible 
that they represent a deposit of cement. If so, this is an- 
other surprisingly proyvressive character. 

Part of a lower jaw (fig. 4), consisting of the symphysis 
and left ramus, accompanied by ihe right femur (A. M. 
N. H. No. 2844), from the “Middle” (probably Lower, see 
below) Washakie, south of Haystack Mountain, in the 
Washakie Basin, Wyoming, collected by Dr. Wortman in 
1895, are probably referable to this species. M /1 and 
M /2 compare closely in character and measurements with 
those of the type. The dental formula for the lower teeth 


given above, of this genus and species, is, therefore, based 
on this jaw. 
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The jaw is long and slender, especially anteriorly. Its 
proportions suggest those ot Mesonippus. LC /1, RI /1, 
the-roots of Rio 72 ang-i-/3,- RC+71-P/2.5RP-/38 (Umostly 
lost), and KP /4—-M /3 are presen. 1 /1 resembles I /1 
ot Hyrachus in being a broad, slightly curved, neariy trans- 
verse biaae, tapering somewnac toward the root.  C /1 
has a rather unusuai character. it is not much larger 
than I /1, somewhat eiongated, and the antero-ventral bor- 
der is recurved. The diasiema is, relatively, rather long. 
P /1 is a simple blade with an anterior cuspule clearly de- 
iined, and a very slightly developed posterior cuspule. 
P /2 is functuuonally an antero-posterior biade, but the para- 
conid is slightly internal, and the protoconid and metaconid, 
which are wzimost continuous, torm a blade sloping intern- 
ally, at a slight angie to the paraconid. Thus the trigonid 
shows the taint beginning of a crescent. The talonid is a 
simple anviero-posterio:' biade, lapping up on the postero- 
external slope oi the trigonid. P /3 is broken and lost, 
except ror the hypocone, which resembles that of P /4. 
P /4 1s quite primitive. The trigonid crescent is well de- 
veloped. ‘The anterior cingulum surrounds the paraconid 
completely, starting at the metaconid, and, in an attenu- 
ated form, running completely around the anterior end of 
the tooth. The hypoconid is mainly a conical cusp, with 
an anterior extension which overlaps the trigonid. The 
entoconid is a small cuspule, adjoining the hypoconid, but 
much lower. They would not become confluent until an 
advanced stage of wear. ‘The basal cingulum is very dis- 
tinct, behind and internal to, the entoconid. Altogether, 
this tooth is very reminiscent of Hyrachyus. The molars 
are progressive. ‘The anterior and posterior cingula are 
reduced. ‘lhe coronoid process of the mandible is markedly 
recurved over the condyle. 

The ventral spine of the atias is conical, and on the 
central part of the ventral suriace, instead of at the pos- 
terior edge, as in rhinoceroses in general. (In Hyracodon, 
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the condition is intermediate.) The odontoid process of 
the axis is a long peg, not confluent with the prezygapo- 
physes. (See Cope 1885a, Pl. LVa.) 

The coracoid process of the scapula is well-developed 
and clearly defined. There was probably a supracondyloid 
fenestra on the humerus. (See Cope 1885a, Pl. LVIa.) 
If there was not an actual vacuity, the bone must have been 
a mere film. This condition, of course, is correllated with 
the straightening of the limb in a high degree of cursorial 
specialization, resulting in pressure of the olecranon proc- 
ess on the humerus and resorption of the bone. The pos- 
terior descending process of the magnum is remarkably 
long in proportion to the size of the animal, and the unci- 
form has a very peculiar descending process, which is 
nearly as long (fig. 2). 

This form is quite highly specialized, in its remarkably 
complete cursorial adaption for so early a time, in which 
it greatly exceeds Hyracodon, coming somewhere near the 
proportions of a race-horse in its front leg (see table of 
limb ratios below, and Gregory, 1912). It is virtually im- 
possible for it to have been ancestral to any other known 
genus of rhinoceroses. However, it shows various resem- 
blances both to Prothyracodon, and to the Eocene true 
rhinoceroses described below. 

Lophialetes (Matthew and Granger, 1925c) is a re- 
markable form. The resemblance to Triplopus cubitalis 
in P 3/-M /3 is striking; yet P 2/ is very much more pro- 
gressive, approaching P 3/ in character, and M /3 has the 
typical lophiodont heel. The most likely explanation is 
probably parallelism, on the part of a lophiodont. 


Triplopus grangeri, new species PI. 2, figs. 5, 6, 7; Pl. 4, figs. 14, 15 


The holotype is A. M. N. H. No. 1972, collected near 
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the White River, Utah, top of Horizon B, Uinta, by Mr. 
Walter Granger, in 1895. I ?/3 C ?/1 P ?/? M3/3. The 
tips of the premaxillaries are appressed, but entirely sepa- 
rate. I 1/ is of typical hyracodont pattern, and shows no 
tendency toward enlargement. The cingulum is inter- 
rupted internally on P 4/ and M 1-3/. P 4/ is slightly 
more advanced than in Triplopus cubitalis, having a slight 
division posteriorly between the metaloph, and the proto- 
loph which curls around it, but none internally. The para- 
styles of M 1/ and M 2/ are slightly more independent than 
in any of the true rhinoceroses. M 2/ and M 3/ have 
criste. M 1/ is too worn to indicate whether a crista had 
been present or not. It has no external cingulum on the 
metacone. There is a very well-developed posterior ex- 
tension of the ectoloph on M 3/, somewhat intermediate in 
character between the conditions found in Hyrachyus and 
in Hyracodon. The parastyle of M 3/ is like that of the 
new, Eocene true Rhinoceroses described below. There is 
an accessory ridge beside the crista of left M 3/, which is 
not present on right M 3/. The antero-ventral border of 
C /1 is recurved, as in A. M. N. H. No. 2344, referred to 
Triplopus cubitalis. Jt is larger than the incisors. The 
lower molars are not especially distinctive. 

The type consists of fragments of the upper and lower 
jaws, originally imbedded in a single block of sandstone. 
The more important fragments are: LP 4/, LM 1-3/, 
RM 2-3/, the back of the left ramus with M /2-3, the cor- 
responding part of the right ramus with M /1-3, the badly 
damaged symphysis with the roots of the three left in- 
cisors, the left canine, right I /1 (damaged), and the root 
of right I /2, and the tips of both premaxillaries, with the 
stub of I 1/ in the left, and most of I 1/ and the stub of 
I 2/ in the right (figs. 5 and 6). 

Carnegie Museum No. 2336 (fig. 7), from Horizon B 
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of the Uinta, represented by left P 3/—M 3/, should prob- 
ably be referred to this species. 

Carnegie Museum No. 3110 (figs. 14 and 15), from 
Uinta A, right P 3/-M 2/ and left P /2, P /3, and M /1-3, 
is more doubtfully referable to this species. — 

These two Carneg e Museum specimens are probably 
referable to Triplopus grangeri—unless a new species be 
created for each-—but both specimens differ somewhat from 
the type, and from each other. 

C. M. No. 2335 zctains a large root to indicate the upper 
canine. There were four upper premolars, the first two 
indicated only by their roots. P 3/ is much like the cor- 
responding tooth of 7Triplopus cubitalis. The cingulum is 
interrupted internally, and the protoloph and metaloph are 
distinctly separated, though this separation would be oblit- 
erated after considerable wear. There is no crista. For 
P 4/, it is a question of definition whether the cingulum is 
interrupted internally or not. There is a well-developed 
crista. The molars have their parastyles as in the type 
of T. grangert. The cingula are interrupted internally, as 
in the type, but M 2/ has a larger rudiment across the in- 
ternal valley, and this is more extensively, though still very 
faintly, developed on M 8/. M 1/ has a large crista, M 2/ 
and M 3/ rudimentary ones. M 2/ is surprisingly long 
in proportion to its width. M 8/ is much like the type. 

C. M. No. 3110 has several interesting features. The 
teeth are more worn tnan in either A. M. N. H. No. 1972, 
or C. M. No. 2336. The internal separation between the 
protoloph and me‘aloph of P 3/, if it ever existed, has been 
obliterated. Apparently, however, the protoloph coils 
around the metaloph, making the outlet of the valley pos- 
terior, as in most cther primitive rhinoceroses. This was 
certainly the situation in P 4/. Neither premolar had a 
crista, and the cingulum was interrupted internally on 
each. M 1/ and M 2/ wore devoid of internal cingula, ex- 
cept the usual rudiments at the outlet of the median valley. 
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Apparently M 1/ had a crista, whereas M 2/ did not. There 
were four lower premolars. P /2 has an antero-posterior, 
blade-shaped hypoconid, with a cingulum completely enclos- 
ing the talonid basin. P /3 has a similar hypoconid as 
the highest part of the talonid, but connecting with the 
entoconid, forming the ghost of a crescent. P /4 is lost, 
except for a small fragment, which shows the entoconid 
not fully joined to the hypoconid, and partly connected, by 
the cingulum, to the metaconid. The lower molars have 
ro unusual features. 


Epitriplopus, new genus 
The genoholotype is Prothyracodon uintense Peterson. 
I ?/3, C 2/1, P 4/4-8, M-3/3. P 2/ has an ectoloph, and 
a single large internal cusp connected with the paracone 
by a cross-crest. M 2/ is very long in proportion to its 
width. The posterior buttress of M 3/ is lost completely, 
except for a trace near the base. The manus is tridactyl. 


Epitriplopus uintensis (Peterson) 1919. Prothyracodon uintense 
Peterson. Peterson, 1919 Peo. iso 


The holotype is C. M. No. 3007a. from horizon C, Uinta, 
Eocene, six miles east of Myton, Utah. The animal is 
larger than any other known Eocene hyracodont, approxi- 
mating in size the new genus of Eocene true rhinoceroses 
described below. I ?/3, C ?/1, P 4/4~3, M 3/3. No meta- 
loph is present on P 2/. The cingulum is absent internally 
on M 1/ and M 2/, except across the median valley. M 3/ 
has no trace of the posterior extension of the ectoloph, ex- 
cept possibly at the base of the tooth, a condition otherwise 
unknown among the hyracodonts, except in Ardyiia, which 
may be a composite form. The lower incisors and canine 
- are much as in Hyracodon, except that the canine is some- 
what larger proportionately. P /1 is small or missing. 

As stated by Matthew and Granger (1925a), ‘“Peter- 
son’s species can hardly be cogeneric with P. obliquidens 
(Scott and Osborn), in which M 3/ retains the free pos- 
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terior flange of the ectoloph, but may be comparable with 
Prohyracodon Koch of the Eocene of Hungary.” 

In the type skull described and figured by Peterson 
(1919), the deciduous premolars had not been replaced, 
and the crown of M 3/ would probably not have cut the 
gum. Cutting small windows showed that, at least, right 
P 2/ and left P 2/ and P 3/ were developing. At my re- 
quest, Mr. Peterson very kindly had left P 2/ and P 3/ 
exposed. The results were disappointing, as the crowns 
were incompletely calcified. P 2/ shows the ectoloph, and 
a single internal cusp, the protocone, slightly elongated 
antero-posteriorly, and connected with the paracone by a 
cross-ridge. The protoloph is developed, therefore, but 
there is no trace of a metaloph. This condition is more 
progressive than that in Triplopus cubitalis; it is much less 
so than Prothyracodon obliquidens. P 3/ is an amorphous 
mass; its interpretation is, to say the least, problematical. 
DP 4/ is molariform, with both protoloph and metaloph 
well-developed. The internal cingulum is slightly inter- 
rupted by the protoloph, and broadly by the metaloph. In 
general, Peterson’s figure (1919, Pl. XLV) of the type skull 
is excellent except that the protocone of left M 1/ has a mis- 
leading appearance, as a result of fracture, and the para 
style of M 3/ is not shown. M 1/ is a little disproportion- 
ately long for its width, and has a tendency to taper pos- 
teriorly. Both these tendencies are carried much further 
in M 2/, giving it a strikingly individual character, at first 
elance. M 1/ has acrista, M 2/ and M 3/ have not. Basal 
singula are present anteriorly, posteriorly and in the me- 
dian valley of M 1/ and M 2/. They are absent from the 
rest of the internal surface, as well as from the ectoloph 
M 3/ has a parastyle of moderate proportions, about as in 
Triplopus cubitalis.. The top eight millimeters of the crown 
has no trace of the posterior buttress at all, being a per- 
fectly smooth curve. Basally, there is an incipient ridge. 
on which a posterior cingulum would presumably have been 
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deposited later. Perhaps a slight trace of the posterior 
buttress would also have been formed in this region. The 
general character of the tooth markedly suggests Prohy- 
racodon Koch. M 2/, however, is entirely different in 
these two forms. 

Peterson’s figure (1919, Pl. XXXVI) is quite accurate 
in its representation of the type lower jaw. The second 
incisors are more asymmetrical than they are represented, 
with their median sides the longer. M /1 and M /2 have 
posterior cingula, which are not shown. C. M. No. 2990 
is provisionally referred to this species by Peterson. The 
lower canines are rather large. 

The following specimens have also been referred to this 
species by Peterson. C. M. No. 2990 includes a right ra- 
dius—length 174 mm. C. M. No. 3007 (not 3097, Peter- 
son, p. 134, line 28) includes the scapule and humerus. 
These bones are rather suggestive of Hyrachyus. The 
length of the humerus is 156.5 mm. With No. 2990, this 
would give the ratio R/H = 1.11, which is between the 


ratios of Triplopus cubitalis and Prothyracodon obliqui- 
dens. However, even if both specimens are correctly as- 


signed to this species, the fact that the radius and humerus 
are from different individuals makes the probable error 
so large that the significance of this ratio is minimal. C. M. 
No. 3201 is doubtfully referred to this species. 

The provisional reference of this form to the Triplo- 
podine, rather than to the Hyracodontine, is largely based 
on its considerable resemblance to the Carnegie Museum 
specimens assigned to Triplopus grangeri, and on its more 
general resemblance to Triplopus cubitalis. It does not 
seem possible, however, to consider it cogeneric with Tri- 
plopus cubitalis. The character of the lower front teeth, 
and the reduction of P /1, appear to bar it from the Rhi- 
nocerotidz; and the very primitive character of P 2/ sepa- 
rates it distinctly from the Hyracodontine. 

There are some resemblances to the new Eocene forms 
described below. However, the small size of P 1/1 and 
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the character of M 3/ are quite different. And if, as is 
argued below, these forms are ancestral true rhinoceroses, 
they would, unquestionably, have had a tetradacty] manus, 
whereas E'pitriplopus uintensis had a tridactyl manus. 

Epitriplopus uintensis (Peterson) may have given rise 
to Ardynia precox of Mongolia, as suggested by Matthew 
and Granger (1925a). In addition to the great reduction 
of P /2 in the Mongolian form, P 2/ in KHpitriplopus ap- 
pears to be in a much more primitive stage. 

The relationships of Ardynia (Matthew and Granger, 
1923), provided the various parts are correctly associated, 
are very puzzling. It does not fit definitely into any one 
of the families of rhinoceroses. In view of the fragmen- 
tary nature and uncertain association of the parts attribu- 
ted to the type specimen, it is perhaps permissible not to 
consider its relationships further, at this time, than to re- 
fer its provisionally to the Hyracodontide. 

Cenolophus (Matthew and Granger, 1925b) from the 
Shara Murun formation (Upper Eocene) of Mongolia, is 
not at all close to any American genus. The skull and feet 
are unknown. So far as the fraementary dentition shows, 
it occupies an isolated position, not assignable definitely to 
either the Triplopodine or the Hyracodontine, and, pos- 
sibly, not to the Hyracodontide. Cxnolophus obliquus may 
not be cogeneric with the genotype, C. promissus. Cxeno- 
lophus proficiens, Matthew and Granger (1925c), retains 
all four lower premolars, although P /4 is already molari- 
form. This combination, unique in the Hyracodontide, 
emphasizes the isolated position of this genus. Matthew 
and Granger refer it provisionally to the Hyracodontide. 

Subfamily Hyracodontinae Steinman and Doderlein 1890, 
correctly redefined by Osborn and Wortman 1892 


Prothyracodon Scott and Osborn 1887 
Pl. 3, figs. 10, 11, and Seott and Osborn 1889. 


The genoholotype is Prothyracodon obliquidens (Seott 


a 
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and Osborn) 1887. Uinta hyracodonts with tridactyl 
manus. I 3/3, C 1/1, P 4/(4)-8, M 3/3. ‘Canines larger 
proportionately than in Hyracodon. The basal cingulum 
is continuous internally around P 3/, P 4/ and the proto- 
cones of M 1-3/. There is no trace of an internal groove 
on the protocones of P 3/ and P 4/ (to mark an incipient 
separation of the hypocone from the protocone), but the 
protoloph hooks around the metaloph. P 2/ is  subtri- 
angular, rather than subquadrate, but much farther ad- 
vanced than in Triplopus cubitalis. M 1/ has a distinct 
external cingulum on the metacone. The upper molars 
apparently have no criste. M 3/ has a distinct trace of 
the posterior extension of the ectoloph, of much the same 
character as in Hyracodon. P /4 and P /8 are not yet 
fully molariform, but suggest Hyrachyus, with the en- 
toconid a separate cuspule, which does not become fully 
confluent with the hypoconid to form the talonid crescent, 
until after prolonged wear. This genus is probably an- 
cestral to Hyracodon. 


Prothyracodon obliquidens (Scott and Osborn) 1887 


Hyrachus obliquidens Scott and Osborn. Scott and Osborn, 1887, 
p. 259 


Prothyracodon intermedium Scott and Osborn. Scott and Osborn, 
1887, p. 260. 

Triplopus obliquidens (Scott and Osborn). Scott and Osborn, 1889. 

Prothyracodon obliquidens (Scott and Osborn). Peterson, 1919. 


The type of Hyrachyus obliquidens is P. U. No. 10,402, 


a lower jaw (for figure see Scott and Osborn, 1889, Pl. XT) 
with left M 3/. The type of Prothyracodon intermedium 


is P. U. No. 10,403, left upper P 3/-M 3/. M 38/ as origi- 
nally present was seriously damaged and has now been suf- 
ficiently further injured so that it is impossible to check 
up on the published figure (loc. cit.). Fortunately, how- 
ever, A. M. N. H. No. 1971 has right P 2/—M 3/, left P 4/, 
left M 3/, and both rami of the lower jaw, with both P /3’s 
and P /4’s and with fragments or roots of the other cheek 
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teeth (figs. 10 and 11). Dr. Hay left a manuscript note 
to the effect that this specimen represented a new species, 
but since it checks very closely with the lower jaw and 
upper M 3/ of the type of “Hyrachyus” obliquidens, and 
with P 3/—M 3/ of the type of Prothyracodon intermedium, 
I regard it as conspecific. I could not compare M 3/ of 
the latter, due to its loss, and the figure (Scott and Osborn 
1889) shows some discrepancies, but I do not think they 
should be given serious weight. As the occlusal relations, 
the result of both the orginal structure and subsequent 
wear being complimentary, of the upper and lower teeth 
of A. M. N. H. No. 1971 are exact, there can be no reason- 
able question of association. For this reason I follow Scott 
and Osborn (1889) and Peterson (1919) in regarding 
Prothyracodon intermedium as a synonym of Prothyraco- 
don obliquidens. The description will be based on all three 
specimens, since they supplement each other in the parts 
that are missing and agree closely in the parts common to 
any two of the specimens. 

I 3/3, C 1/1, P 4/(4)-8, M 38/3. The canines are 
larger than the incisors. P 2/ is subtriangular, being 
much more primitive than in Hyracodon or the new true 
rhinoceros from the Uinta described below, but far more 
advanced than in Triplopus cubitalis. The protoloph runs 
postero-internally and joins the metaloph. There is a small 
internal cingulum on the protoloph which is not fully con- 
tinuous with the anterior cingulum and does not surround 
the postero-internal part of the tooth at all. P3/and P 4/ 
are similar to each other, with the protoloph hooking 
around the metaloph, leaving a posterior outlet for the 
median valley in the unworn tooth, and with a continuous 
cingulum around the anterior, internal and posterior sides. 
There is no crista on any of the upper molars. M 1/ and 
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M 2/ are rhinocerotic. The basal cingula surround their 
protocones anteriorly and internally. M 1/ has a distinct 
external cingulum on the metacone. M 3/ has a complete 
cingulum anteriorly, internally and posteriorly, but it is 
rather faint internally. The parastyle is slightly more 
prominent than in Hyracodon and much more than in 
Triplopus or the true rhinoceroses.. The posterior exten- 
sion of the ectoloph is present, slightly less prominent than 
in Triplopus cubitalis or the type of Triplopus grangeri. 
P /1, when present, is very small. P /2 is known only 
from the roots. It was of normal size. P /3 is not yet 
molariform, since the entoconid is a separate cuspule, not 
connecting with the hypoconid to form the talonid crescent 
until an advanced stage in wear. The anterior cingulum 
is weak but complete. P /4 is similar in structure but its 


proportions are more molariform and the anterior cingu- 
lum is both complete and distinct. Both these teeth are 
more advanced than in Hyrachyus. There is nothing diag- 


nostic about the lower molars. 

The manus is known to be tridactyl, from the manus 
associated with the type (Scott and Osborn 1889). Peter- 
son (1919) described two fore legs, with similar wrist 
bones, which he refers to Prothyracodon obliquidens. The 
limb ratios differ so markedly from Triplopus cubitalis 
that it is improbable that they could belong to Triplopus 
grangeri, the only other known Uinta tridactyl rhinoceros 
of about the right size. In the table of limb ratios there- 
fore, this specimen is indicated as Prothyracodon ? obliqui- 
dens ?. The ratios are rather similar to Hyracodon 
apertus, as would be expected. 

The important differences from Triplopus in Prothy- 
racodon are: the ratios in the front leg, the presence of in- 
ternal cingula on the molar protocones, the absence of an 
ossified auditory bulla, the absence of criste, the much 
greater progressiveness of P 2/, the greater progressive- 
ness of P 4/, the greater reduction of the posterior but- 
tress of M 3/. 
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C. M. No. 3201, the skull figured by Peterson (1919) 
and provisionally referred to this species, is probably cor- 
rectly assigned. I 3/?,,.C 1/1, P. 4/3, M.3/3... It has.a 
striking resemblance in general character to Hyracodon. 
As its condition is such that it is unsafe to separate the 
upper and lower jaws, it is not possible to state definitely 
that it is not Triplopus grangert. 

Prothyracodon obliquidens would seem to have the 
characters to be expected in the ancestor of Hyracodon. 
The internal cingulum is better developed on M 1—3/ than 
in Hyracodon, though there appears to be a very large 
range of individual variation in this respect in Hyracodon. 


Hyracodon Leidy 1856 


The type of the genus is Rhinoceros nebraskensis 
(Leidy). American, Oligocene, cursorial rhinoceroses; 
I 3/3, C 1/1, P 4/3, M 3/8; P 2/ is rectangular, with pro- 
toloph and metaloph parallel but not fully separate; M 3/ 
retains a small posterior buttress near the postero-lingual 
corner of the tooth; the three lower premolars are mo- 
lariform; medium size; manus tridactyl. The most recent 
papers on the genus by Troxell (1921), Sinclair (1922) 
and Wood (1926) indicate that the following species are 
well established. 

Hyracodon petersoni Wood, Titanotherium Beds, has no 
molariform upper premolars. The median valleys of P 3/ 
and P 4/ open widely to the rear, the hypocone being firmly 
attached to the protocone. 

Hyracodon arcidens Cope, Titanotherium and Oreodon 
Beds, has no molariform upper premolars. The proto- 
loph curves around the metaloph in P 2/—P 4/, coalescing, 
after slight wear, into a continuous crescent. H. prisci- 
dens Lambe, H. arcidens mimus Troxell, and H. selenidens 
Troxell, are probably inseparable from this species. Mor- 
phologically, the types of H. petersoni, H. priscidens, H. 
selenidens, and H. arcidens, form an excellent series, with 
the only marked break between H. petersoni and H. 
priscidens. 
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Hyracodon nebraskensis (Leidy), Oreodon and Pro- 
toceras Beds, has the protoloph and metaloph of P 4/ paral- 
lel, but intimately joined by a “mure.” The hypocone is 
now more closely attached to the metaconule than to the 
protocone. . 

Hyracodon apertus Sinclair, Oreodon and Protoceras 
.Beds, has the protoloph and metaloph of P 4/ only, sepa- 


rate and parallel. 
Hyracodon leidyanus Troxell, Protoceras Beds, (earlier 


range doubtful) has the protoloph and metaloph of both 
P 3/ and P 4/ separate and parallel. 

The method of metamorphosis of the upper premolars 
in this subfamily, presents some interesting features. In 
P 2/—P 4/ of Prothyracodon, the protoloph, consisting of 
the protocone and protoconule, is the main transverse crest, 
the metaconule forming a lower, minor crest abutting 
against the protocone. Then the protocone elongates 
antero-posteriorly, looping around the internal edge of the 
metaconule, and an incipient split appears to delimit the 
hypocone from the protocone, the median valley opening 
posteriorly. This condition is found in Hyracodon peter- 
sont. Here P 2/ is the most progressive, with P 3/ and 
P 4/ about equally advanced. Then the hypocone unites 
with the metaconule, while still attached to the protocone, 
forming an enclosed basin in Hyracodon arcidens. The 
metaconule attaches itself to the rear or middle of the 
hypocone loop. Thereafter, first P 4/ and then P 3/ catch 
up with, and pass, P 2/, which remains virtually un- 
changed. In Hyracodon nebraskensis the protoloph and 
metaloph of P 4/ are parallel and separate, except that they 
are intimately joined by a “mure’’; which, in this case, is 
simply the remains of the protocone-hypocone connection; 
in Hyracodon apertus, the metamorphosis of P 4/ is com- 
plete; and in Hyracodon leidyanus, P 3/ also has become 
molariform. In this stage the hypocone is attached to the 
metaconule alone. Sinclair (1922) has shown that the gen- 
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eral stratigraphic succession of these forms accords closely 
with their apparent phylogenetic relationships; and Trox- 
ell’s reference of the type of Hyracodone leidyanus, which 
was collected in the “old days,” to ‘““Middle or Lower Oligo- 
cene’’ is insufficient. evidence to extend the known range 
of this species much below the Protoceras Beds, to which 
Sinclair (1922) refers a specimen to this species.* 

The anterior part of the trigonid sometimes forms a 
supplementary loph in itself in dP /2 and more especially 
in dP /3, in many of the early rhinoceroses. In two speci- 
mens of hyracodonts (a young hyracodont, C. M. No. 318, 
collected by Mr. O. A. Peterson from the Titanotherium 
Beds, Sand Creek, Sioux County, Nebraska, and a young 
Hyracodon sp., C. M. No. 3581, collected by Mr. O. A. Pet- 
erson from the Oreodon Beds, Bad Land Creek, Sioux 
County, Nebraska), this “paralophid’”’ approaches, in size 
and distinctness, the metalophid and hypolophid (figs. 12 
and 18). 


Family Rhinocerotidae Gray, 1821 


Eotrigonias, new genus 


The genoholotype is Hotrigonias rhinocerinus, new 
genus, new species. Hotrigonias petersoni, new species, is 
referred to this genus. The generic name from 7@s , 
dawn, + Trigonias, refers to its geological horizon and to 
its apparent possession of all the characters needed for an 
ancestor of Trigonias. 


1 Since sending this paper to the editor, I came across an article 


by Prof. Othenio Abel, “Die Molarisierung der oberen Praimolaren 
von Hyracodon nebrascensis Leidy,’” Paleont. Zeit., VIII, 3, p. 224— 
245, Oct. 9, 1926. We agree as to the course of premolar meta- 
morphosis in Hyracodon. P 2/ of Hyracodon leidyanus is not yet 
fully metamorphosed, Troxell’s figure to the contrary; his type 
specimen, and Sinclair’s and Abel’s referred specimens, all have a 
mure crossing the valley between the protoloph and metaloph. The 
Vienna specimen is from Sheep Mountain, and, therefore, probably 
from the Oreodon or Protoceras Beds. J 1< not regard Prof. Abel’s 
revised nomenclature of the species of ‘1yra:odon as an improve- 
ment, and much of it is definitely untenaole trom the point of view 
of priority. 
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I ?/?, C ?/?, P 4/?, M 3/3. These are Upper Bridger 
and Uinta true rhinoceroses, with the parastyles of the 
upper molars reduced to ribs on the paracones as in later 
true rhinoceroses. 

P 4/ resembles Trigonias osborni in general character. 
The protoloph curves around behind the metaloph, so that 
the median valley escapes posteriorly. There is a small 
internal groove on the protocone, indicating an incipient 
separation of the hypocone from the protocone, and the 
cingulum is interrupted internally. M 1/ and M 2/ are 
typically rhinocerotic. They have no trace of an internal 
cingulum except at the outlet of the median valley. M 1/ 
has a marked external cingulum on the metacone. M 3/ 
shows a progressive reduction of the posterior extension of 
the ectoloph from a condition more primitive than Triplo- 
pus grangeri, in the Bridger species, to a condition scarcely 
more primitive than that seen in some specimens of Tri- 
gonias osborni. It has no crista. . 

If the relationships of this genus are correctly inferred, 
it presumably had a tetradactyl manus and a dental for- 
mula of I 3/3, C1/?, P 4/4, M 3/3. It is very unfortunate 
that the structure of the manus and front teeth of the 
members of this genus is unknown. When they are dis- 
covered, they will furnish a valuable check as to the phylo- 
genetic bearings of this form. 


Eotrigonias petersoni, new species Pl. 4, fig. 16 


This species is based on A. M. N. H. No. 2341, consist- 
ing of left P 4/-M 3/, from the “Middle”? Washakie, south 
of Haystack Mountain, Washakie Basin, Wyoming, col- 
lected by Mr. O. A. Peterson in 1895 and previously identi- 
fied as “Hyrachyus.” The specific name is given in rec- 
ognition of the many services of the collector to vertebrate 
paleontology. 

This is an Upper Bridger ? primitive rhinoceros, with 
the parastyles reduced to ribs on the paracones. In P 4/ 
the protoloph overlaps the metaloph, allowing the median 
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valley to escape posteriorly. There is an incipient inter- 
nal division on the protocone, hinting at the future separa- 
tion of the hypocone from the protocone. The cingulum is 
widely interrupted internally. M 1/ is typically rhinoce- 
rotic. There is no trace of an internal cingulum, except a 
small cuspule on the flank of the hypocone near the outlet 
of the median valley. There is no definite evidence of a 
crista but the tooth is well worn and a slight swelling may 
indicate that one was present in the unworn tooth. There 
is a well defined external cingulum on the metacone. M 2/ 
is also rhinocerotic. It has a small crista. The only trace 
of an internal cingulum is that partly blocking the median 
valley. M 3/ shows a marked advance over any known 
member of the Hyrachyidee in reduction of the parastyle 
and in the tendency to flatten out the posterior extension 
of the ectoloph, which, however, is still large. It is more 
advanced than Prothyracodon in the former character. It 
resembles Triplopus in the shape of the posterior buttress 
and post-fossette, and in the complete absence of an in- 
ternal cingulum, differing from Prothyracodon obliquidens 
in both these characters. 

This form might be mistaken at first glance for Hyrach- 
yus, to which genus it was previously referred. It is more 
like Prothyracodon obliquidens, and still more like Triplo- 
pus grangeri. It shows little real resemblance to Metahy- 
rachyus bicornutus Troxell, from which it differs in the less 
precocious P 4/, the greater reduction of the parastyles, 
and the ridge-shaped posterior extension of the ectoloph, 
instead of the more cuspidate type found in the Hyrachyi- 
de. It is not placed in the genus 7riplopus, on account of 
its still closer resemblance to Hotrigonias rhinocerinus 
(fig. 17) in the shape of P 4/, the reduction of the para- 
styles of M 1/ and M 2/, and the almost exact identity in 
size. It fulfills all the requirements, so far as its frag- 
mentary condition shows, for ancestry to Hotrigonias rhi- 
nocerinus and all later true rhinoceroses. 
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The level of this specimen was recorded as “Middle 
_ Washakie,” before the stratigraphy of that formation had 
been cleared up by Granger (1909). Dr. W. D. Matthew 
states (verbal communication) that considering the matrix 
and the ideas on stratigraphy current’at the time the speci- 
men was collected, it is probably from the Lower Washakie 
of Granger, equivalent to the Upper Bridger of the stan- 
dard continental section. 

Eotrigonias petersoni differs from Triplopus in its 
larger size, the incipient internal division of the protocone 
and the character of the metaloph of P 4/, and in having 
less reduction of the crista in the molars. If it is correctly 
‘assigned to Hotrigonias, it also differed in other special 
characters of that genus, besides those visible on P 4/- 
M 3/. The absence of an internal cingulum and the gen- 
eral shape of the posterior buttress of M 3/ are approxi- 
mated in Triplopus grangert. The internal cingulum, 
however, shows a still closer resemblance to Hotrigonias 
rhinocerinus; and the difference in the specialization of 
M 3/ is not more than could reasonably be expected in an 
Upper Bridger ancestor of the Uinta species. The gen- 
eral morphological resemblance to Triplopus may well be, 
in part at least, due to parallelism. It differs from Epi- 
triplopus uintensis in the proportions of M 1/ and M 2/, 
its more primitive M 3/ and its earlier geological level. 

Eotrigonias petersoni differs from Prothyracodon obli- 
quidens in its earlier geological level, its larger size, in the 
incipient internal division of the protocone of P 4/, in the 
almost entire absence of an internal cingulum on P 4/- 
M 3/, in the greater reduction of the parastyle of M 3/, 
and in the greater primitiveness of the posterior buttress 
of M 3/. 

The assumption here made of a tetradactyl manus is 
utterly without direct proof, but the extraordinary resem- 
blance of this species to Hotrigonias rhinocerinus is so 
striking, except in the character of M 3/, that it seems out 
of the question to refer it to either Triplopus or Prothy- 
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racodon. It certainly dses not belong to Hyrachyus, nor to 
the Hyrachyide. It wight be difficult to separate it ge- 
nerically from Triplopus, except for the strong probability 
that it is definitely on the true rhinoceros side of the fence, 
that P 2/ was very different, and that the manus was 
tetradactyl. Whether the front teeth already show rhi- 
nocerine affinities is much more doubtful, but it seems likely 
that already I 1/ and I /2 were specialized in the direction 
of their future lines of progress, and that the canines were 
no larger than the third incisors. 

A. M. N. H. No. 19231, consisting of left P 3/—-M 3/ 
and the right femur, collected by Mr. Miller of the Expedi- 
tion of 1922 from horizon B3, Bridger, Cottonwood Creek, 
Bridger Basin, Wyoming, may belong to this species. Its 
general appearance would warrant this reference. Unfor- 
tunately, every diagnostic character that would definitely 
settle its affinities as between Hotrigonias and Hyrachyus 
was destroyed, apparently in shipment. There are inter- 
nal cingula on P 3/—M 2/. There is a collector’s note that 
the specimen had a peculiar M 8/, which is suggestive of 
Kotrigonias petersoni, rather than of any hyrachyid. This 
is of importance only as a plausible suggestion of a possible 
downward extension of the range of Hotrigonias. 
Eotrigonias rhinocerinus, new species Pl. 4, figs. 17,:18, 19 

The holotype, Y. P. M. No. 13331, was collected by 
Messrs. Smith and Heisey, August 8 or 9, 1874, near the 
mouth of Lake Fork, in the Uinta Basin. It was mixed, 
perhaps in unpacking, with fragments of Hyrachyus sp., 
including right M /2—-M /3, and with left P /3-M /2 of 
Homogalax uintensis Troxell.t 

1 With the specimen are two separate field labels: “Rare Lake 
Fork Aug 8th/74 J Heisy” and “Very Rare Lake Fork Aug 9th 
/74 Sam Smith.” The corresponding part of Smith’s report to 


Marsh is as follows: 
“Sept. 1874. 
Catalogue of Fossils from Lake Fork uintia valley 
Aug. Ist Very Rare Du Shien near the mouth [= Du Chesne] 
“8th gar Pike near the mouth Lake Fork 15 miles south of 
[south-west] agency [= Uinta Indian Agency] 
Rare o) ”» 9? ”? ” 
2? 9th Very Rare 2? ” 9 ”? ”? ” 
99 > 2? 


” ” ” ” ” ” 


9? ” Crocodile ” ” ” ”? 39 ” 


”? ” 
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I ?/?, C ?/?, P 4/?, M 3/3. The paracone and meta- 
cone appear as well-defined ribs on the lateral aspect of 
P 2/-M 3/. The internal cingulum is complete on P 2/ 
and P 3/, interrupted on P 4/, and absent on M 1-3/. 
Pp: 1/ is represented by part of the alveolus. It was prob- 
ably of fair size. P 2/ is the most advanced premolar, 
with the protoloph and metaloph pretty well separated 
from each other. The protoloph is not yet firmly attached 
to the paracone and slants slightly more to the rear than 
in the Oligocene forms. The hypocone was a conical cusp, 
with the metale sh attached to the anterior end. The tooth 
is subquadrate, as in the true rhinoceroses, not subtri- 
angular, as in Pvothyracodon and Triplopus. In general 
this tooth shows » close approach to the more primitive 
Oligocene rhinoceroses. In P 3/ the protoloph and meta- 
loph are confluent, with an internal groove incipiently sepa- 
rating the hypocone from the protocone, much as in T?7- 
gonias osborni (fig. 24). The tooth is sufficiently worn so 
that it is impossible to state definitely whether the outlet 
of the median was posterior or internal. On right P 3/ 
the cingulum is very briefly interrupted internally; it is 
uninterrupted on left P 3/. In P 4/ the protoloph swings 
around posterior to the metaloph, which is in contact with 
it. There isa posterior outlet for the median valley, as in 


Fossils are very Scarce in this Country and very Rotton. 


Sept. 20th 
Yours Very Respect 
Sam’! Smith” 

From August 19-23 they collected from the White River near the 
mouth, and from September 1-17, from “Loan” Tree, Henry’s Fork, 
Bridger Basin, Wyoming. There seems, therefore, absolutely no rea- 
son to doubt either the Uinta age or the geographic locality of the 
fossils. Two subsequent rough labels state “Wyoming,” but these 
can be disregarded, 

This would seem to be one of the few cases when the rather fre- 
quent diagnosis of one of the early collectors, that the fossil was very 
rare, had eventually turned out to be correct. 

This specimen had been tentatively identified as Hyrachus baird- 
ianus and later as Hyrachus affinis. 


34 BULLETIN 50 194 


many of the Oligocene rhinoceroses. Its protocone is 
notched internally also, much as in Trigonias osborni. On 
M 1/—M 3/ the only trace of the internal cingulum is the 
small shelf at the outlet of the median valley. There is no 
trace of a crista, but M 1/ and M 2/ are sufficiently worn 
so that this is no proof of its absence, especially as regards 
M 1/. The parastyles are reduced to their proportions in 
Oligocene true rhinoceroses. M 1/ and M 2/ are typical 
primitive rhinoceros molars. M 1/ has a well-defined ex- 
ternal cingulum on the metacone. M 3/ is scarcely more 
primitive than some specimens of Trigonias osborni (fig. 
23), the posterior extension of the ectoloph being a swell- 
ing rather than a ridge. Rudiments nearly as well defined 
occur in various American Oligocene rhinoceroses, and in 
the third left upper molar of Baluchitherium grangert. In 
Eotrigonias rhinocerinus this structure is present on both 
sides, about equally well defined. The post-fossette is 
prominent, due to the enlarged base of the posterior but- 
tress, together with a well-developed posterior cingulum. 
The lower molars are similar to those of Oligocene true 
rhinoceroses. The posterior cingulum of M /3 is reduced 
to very small proportions. 

The specimen consists of left P 2/—M 3/, right P 3/- 
M 3/ (all damaged except M 3/), and part of each ramus 
of the lower jaw, containing M /1-3. There are also a 
few Hyrachyus lower cheek teeth, a few doubtful frag- 
ments, and P /3-M /2 of Homogalax uintensis. Fortu- 
nately, there is no question of the association of the teeth 
of the type. The upper teeth are identical on both sides, 
and the occlusal relations, the algebraic sum of the original 
size and pattern, and the subsequent wear, are exact. 

There is some resemblance to the Hyrachide in the ex- 
ternal ribbing of the upper cheek teeth. On the other 
hand, slight changes—obliteration of the trace of the pos- 
terior buttress, and increase in size, would give Trigonias. 
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Although this form is still near the parting of the ways, 
it is definitely on the true rhinoceros side of the line. This 
is emphasized by both its resemblances to, and its advances 
on, Hotrigonias petersont. 

On the basis of Koch’s inadequate figures of a badly 
damaged specimen, it is difficult to separate this form, 
generically, from Prohyracodon orientale Koch. The meas- 


urements are very similar. On the other hand, it seems 
very unsafe to refer an American form to a Transylvanian 


genus on such tenuous grounds. It differs from Prohy- 
racodon orientale in the presence of a probably rather more 
pronounced rudiment of the posterior extension of the 
ectoloph of M 3/. Both species have a posterior cingulum 
on M 3/. Other characters are difficult to detect, owing 
to the damaged character of the type of Prohyracodon 
orientale, but the following are apparent differences: the 


much shorter length of P 3/ and P 4/ in the American 
form, and the much greater length of M 2/ in the European 


form, which, in this character, approaches Epitriplopus 
uintensis. If I have interpreted Koch’s figures correctly, 
both P 3/ and P 4/ of Prohyracodon orientale are more 
advanced than P 4/ of Prothyracodon obliquidens or even 
P 3/ and P 4/, respectively, of Hotrigonias rhinocerinus, 
in a greater tendency toward separation of the protoloph 
and metaloph. 

Eotrigonias rhinocerinus differs from the type of Pro- 


thyracodon intermedium (P. U. No. 10,403), in the greater 
size, absence of an internal cingulum around the proto- 


cones of the upper molars and its interruption, internally, 
on P 4/, and in the presence of an incipient internal groove 
on the protocone of P 4/. 

Eotrigonias rhinocerinus differs from the type of Pro- 
thyracodon obliquidens (P. U. No. 10,402) in having a 
much longer tooth series. 

It differs from Epitriplopus uintensis in having a meta- 
loph less recurved posteriorly on M 2/, and in having M 1/ 
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and M 2/ of normal proportions. 

The two new forms, Hotrigonias petersoni, and Hotri- 
gonias rhinocerinus ccmpare so exactly, not only in the 
characters mentioned, but in the impression due to the 
sum total of their characters, with 7Trigonias and the true 
rhinoceroses, rather than with the Eocene hyracodonts, 
that I feel no hesitation in assigniny them to the Rhinoce- 
rotide, even in advance of any knowledge of their front 
teeth or fore-feet. Hot, igonias rhinoceriius will probably 
be found to have four digits in the manus, and the full 
placental compiement of teeth, with the canines no larger 
than the third incisors and 1 1/ and 1 /2 enlarged to form 
the tusks. Wotrigonias petersoni scould also prove to be 
tetradactyl, and its front teeth should prove to be less 
specialized. 

Hotrigonias rhinocerinus is perhaps already a shade too 
far advanced to have given rise to the Trigoiias line. The 
general resemblance, however, is so ereat, that it seems 
rather probable that they are move closely velated than by 
common descent from Ho*rigoias petersoni, and that the 
split had occurred not long before. 

Eotrigonias rhinocerinus shows a striking morpholosi- 
cal resemblance to Hyracodon peterso;:’. The chief differ- 
ences that can be stated definitely in words are the absence 
of a cingulum, internally, on P 4/, and the greater reduc- 
tion of the posterior buttress of M 3/, inthe former. How- 
ever, in many minutiae, Hotrigonias suggests Trigonias, 
whereas the hyracodont affinities of Hyracodon petersoni 
are unquestionable. 


Prohyracodon Koch 1897 


A small true rhinoceros, from the ‘Middle Eocene” of 
Transylvania. None of the premolars are molariform. In 
M 3/ the ectoloph and metaloph are aimost completely con- 
fluent, with little trace of the posterior extension of the 
ectoloph. 
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This genus is based on Prohyracodon orientale (Koch) 
1897. 

The generic name is based on what is almost certainly 
a misconception of its relationships. The name is unfor- 
tunate, especially as it is easily confused with Prothyraco- 
don Scott and Osborn 1887, which really is a member of 
the Hyracodontide. 

Prohyracodon orientale (Koch) 1897. 
Prohyracodon orientalis Koch. Koch, 1897. 
Prohyracodon orientale (Koch). Abel, 1910. 

A small rhinoceros from the ‘Middle Eocene” of Tran- 
sylvania. [The Eocene age of this form has been ques- 
tioned by Stehlin, and Abel (1910). A recent letter from 
the Hungarian Geological Survey states that, so far as 
they know, Koch’s determinations are still valid. Prof. 
J. J. Galloway of Columbia University has interpreted the 
lists of fossil invertebrates that overly and underly the 
level from which Prohyracodon comes as being Lutetian 
and Ypresian, respectively. This would indicate, for Pro- 
hyracodon, an age about equivalent to lower middle 
Eocene.]. The animal is slightly smaller than Hyracodon. 
Length of M 1-3/ is 50 mm. (fide Koch). In P 3/ and 
P 4/, the protoloph and metaloph form a single v-shaped 
ridge, incipiently separated by a small notch at the apex. 
The internal cingulum is complete on P 3/, obscure in the 


figure of P 4/, absent on M 1-3/. The internal cingulum 
on M 2/ in Abel’s reproduction of Koch’s figure is appar- 


ently due to misinterpretation. The posterior buttress of 
M 3/ seems to be nearly lost. 

Further comparison of Koch’s type with Epitriplopus 
and Kotrigonias would be desirable. A new drawing of 
his type is essential. 

In the table of measurements that follows, as well as 
in the other tables throughout this paper, I am responsible 
for all measurements unless the contrary is explicitly 
stated. Even where measurements had been published pre- 
viously, it seemed desirable to obtain strictly comparable 
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measurements. Wherever possible, measurements from 
both sides of the animal are given, to serve as a check on 
each other, and to indicate the very large amount of varia- 
tion possible in the individual, thereby giving the minimum 
range of variation for the species. All measurements are 
in millimeters. 

The genus Trigonias is in need of revision. Lucas’ 
original description of the genus (1900), based on rather 
scanty material, lacks figures or description of the cheek 
teeth; and valuable new material, collected since Lucas 
(1900) and Hatcher (1901) discussed this genus, is still 
undescribed. This very primitive true rhinoceros fur- 
nishes an excellent starting place for an attempt to re- 
construct the phylogeny of the later forms. It is, there- 
fore, possible to give, with more certainty than previously, 
the generic characters of Trigonias as well as the specific 
characters of Trigonias osborni. The definitions of Lucas, 
Hatcher and Troxell for this genus and of the various au- 
thors for the other genera and species discussed have been 
so much modified that it seems best to present them with- 
out quotation marks or asterisks. 

Trigonias Lucas 1900 

Genoholotype: Trigonias osborni Lucas, U. S. Nat. 
Mus. No. 3294. Locality: South Dakota. Age: Titano- 
therium Beds (Chadron Formation). 

The skull is elongated, chiefly anterior to the orbit. The 
premaxille are very closely appressed and may be more or 
less suturally connected. The nasals and premaxille are 
very long. Hornless. I 3/3, C 1-0/0, P 4/4, M 3/3. The 
front teeth, except I 1/ and I /2, are nearly functionless. 
P 1/ is large for a first premolar and P 3/ and P 4/ are 
never fully molariform, their hypocones being principally 
attached to the protocones. The frequent presence in T. 
osborni of a posterior buttress (the remains of the pos- 
terior extension of the ectoloph) on M 3/ tends to unite 
this genus, through Hotrigonias, with the other lines, break- 
ing down one of the chief family distinctions. In Trigo- 


Table La 


frohyrreodon Dri} opus Triplopus Triplopus Trip] opus 
Eotrigon , OnE Se OG oly proves: = PS pes Zit E7 OnUs 
{ d=deetduous) aioe eis crientale Holotype ubitalis arengeri grengeri? grangerit 
. “Holotype (after Koch- Holo upe Holotype 
( es eatimated) ¥_P\M. 13339 rentest length A.M.N.H.5095 A.M.N.H. 1972 C.M. 3110 C.M. 2536 
eae Wes and breadth) 
Soret es eee oh ZDBiok wee R L R. L R L 
Across 7ygoma 
Pmx to Condyle 
Nagala to 
occipital crest 
Height occiput 
above condyle 35.0 34.8 
Width between : 
P2's AS? 
Widta 
between M2'a —_- es 
PL-M2 ~ 
P2 - MS. -- 79 ae ee 
pie si i Seams 49. ¢ 
P2~ 4 = 32 ese 20.6 
, —_- 40. 
1-3 49 4? 49.0 60 40 Bere 0.0 
Diasteme -- = 12.0 2 
Length P1 -~ = 5.0 
Width PL -- -~ 3.2 
Length P2 -- 10 — 5.6 
Width P2 -- 11 = 6.5 
o ‘ 
Length Pz 10 10.5 16 =-- 7.0 $.0 Bol 
Width P3 =< i4 pn 
3. i 16 7.8 11.4 9.3 
Length Pq bby 4 11.4 11.4 16 _ TAR) 2.0 6.0 oe 
Width P4 16.5 16.4 15.5 18 as 9.0 11.9 43.0 
s ie BAO) 
Length MI 16 14.6 14.8 16 10.0 10.7 12.3 ee paeet 
g Width M1 Teles) 17.5 17.2 ae pO) 11.8 13.7 mae 12.6 
Length M2 = 16.6 17.5 20 11.5 stata 14.4 14.3 44.8 aoe 
Width M2 _ 19.8 18.7 21 13.4 --- 16.0 15.4 — 14.0 


AD Oo Laie 17.2 > t 4 


Paneth wf 


1°22 = c'Se Osi 
2-91 -- PST $*eT 
ule pez 
get T°6t 
4702 +08 
SLT ¢°l 
S08 e702 gat gat 
Lot $*ST 0°OT $°Or 
§°9T -- -- 
5°oT a 9°8 
2°St b'ST 0°6 
GOSt mae g*L 
_ O° IT 
- £°0T 
OST -- 
Be ae O'Ty 
0°3% ce P88 
-- a’eg 
L°S6 = 8°89 
1 ihe nye oe 


TOS }0e 


uosoows Ay 


T26T "HN Ky 
UopoowsAQ org 


+ 8°OT b°ST 
6°bT T'st 


SOPOT “nd 
ed k4o0TOoOH 


avaptnrT gs 


Jopoosukqqoug 


SOvOT “Ad 
aGk {OTOH 
SN tpatiteyuT 


uopoow sky {Org 


Ove 


gto 


TOZe "WD 
& YdevuwsF -— ro 


& svaptndr{qo “4 


SL, = 
apie: a 


8°S8T 0°08 
s°.T g°Lt 
O°eT S‘oT 
8°FT G*st 
O° Lh a 
Oss, 


BLOOE “NO 


TsuazUyTo 
endoye1urm tay 


TR uapty 
Ek y3Sue7 


2a opty 
2h Q33u07 
TH Up tH 
Tw W38007 
Vad apy 
Pa yw 8ue7 
Ta wapty 
Sq yy2ue7 
@q WIpty 
2g @ Bue, 
Td qe TH 


Tq wy 2ue7 


ed 


Shoe, 
es eae 
9,2 ussnqac 
UIP TA 
3,2 
Usen9q UApT). 


STApUcs eaocgy 
yndrooo AI 1ey 


38910 [eq ]Tdtos0 
OF STesEN 
2TApues 04 ry 


VULOBAZ saouoy 


nS 


(Psieryis9 Ea) 


(smonpydep = p ) 


) 


Ve cE ce ------ 06 8698 ly aor ge Pi BLOLa ip acsok *H UPS # 
Cor a 1 oe bSt Stet en ds (S5 ce OO ee %y gy 8ve7 
0°6 ayi) 5070F Ott et 0°6 0°65 at = i: an ai Sa 2a Wap TE 
got ad oro, Lot pes eee ie oe a aa = a ee 
o°8 aS == 3°01 grt 0:8 Yi SIERO 
--- (com cy oret g°st 3°3t ay en we Bie FEST eset Ta 93301 
= ake se ie cae 12 eu ae aa Ya wap 
o-or Sel NS ----- bid me ay Oe ees 74 unav07 
0:9 eet — see a oe = ion a S2 wptm 
rot O°C). gor saedect a Ge. cs ae Ath * 4 038v07 
fet oie os teeta o's as oe a2 --- = uIPTA 
279 gg L sess ae - en = ae 24 w8v07 
art ae , oe oss “3 rae —= Ye Ta pt 
ae x aes e's. << sy Sir ay Ta ya 8v07 
Ee, oe “ey ake Sey +12 L°G2 0°02, T°gt Tor zee g"s¢ ees. 
O°6T ¢°61 0°02 B°3T O*b2 Sis 4°8t o°ST Tot 9°6T =< ee Mee 
ae SO gap "8b soece= v0 eg ot as aa oY 370s Ty yy 9ue7 
nee Pa \ gree ae2 ------ me way ee ee 9°24 iy Fue5 
O°e2 ee s*ec : 2----- ee : aes anes ve 125 Wy Bue] 
0°69, S'ls S°eL ots i SSE Wie ee mee Sas Se =2 4 yy Su04 
0'0L 5 g°SL sin foe awe mes ea SN oeae ae ey = 4 tus 

et u'6t eat Soe ee ee STE ae Se 
9°38 — {5 rf 

mee fra-¥ 

mis frg-y¥ 

Sh AC EE Sip se 

Gi y 7 AG Vili | 
TABT CHNTHTY ZovOF a" toes 0882 ‘wa 4008 “1-0 ZL6t acy OUTS SHED o= V4Se Bete ty Roos eliqoreH “aah OTK, (peqwoyi8e = e) 
Sa amesabis |, ouepsrtnee © aiaanram «steer «=i Evia ict me 


II *19%,L 


ee ee a ana 


o* a BARS, < 
See oe 
: ee a pea 2 at oe 
= : < 4 SF , : 


199 Woop: TERTIARY RHINOCEROSES 39 


nias, as in all other rhinoceroses except the hyrachyids, the 
paracone and metacone are completely fused to form the 
ectoloph, and the parastyle is plastered on the paracone, 
in wide contrast to the well-marked separate cusps in Hy- 


rachyus. The manus is tetradactyl, digit V being rather 
smaller, proportionately, than in the tapir. 

I follow Lucas and Hatcher in identifying the only con- 
stantly missing tooth in Trigonias as C /1 rather than I /3. 
This may be erroneous (see above) but is probably correct. 

Hatcher’s idea of the excessive elongation of the skull 
in Trigonias was somewhat exaggerated. It was founded 
on the crushing and distortion of Carnegie Museum No. 95 
(No. 96). 


Trigonias osborni Lucas 1900 Pl. 5, figs. 20-28 


Trigonias osborni Lucas. Lucas, 1900. 

Trigonias osborni Lucas. Hatcher, 1901. 

Cxnopus platycephalus nanolophus Troxell ? Troxell, 1921a. 
Trigonias tetradactyluin Osborn. Osborn, 19238b. 


I 3/3, C 1/0, P 4/4, M 3/38. The incisive foramen is 
large. The premaxillaries are closely appressed but not 
really suturally connected in the type specimen. None of 
the upper premolars are yet submolariform. The hypo- 
cone of P 2/ is well developed but still widely confluent 
with the protocone. There is no hypostyle on the upper 
premolars. On P 8/ and P 4/ the protocone and hypocone 
are absolutely confluent well above the cingulum, and the 
median valley escapes posteriorly, until, after prolonged 
wear, it becomes an enclosed basin, due to the confluence 
of the hypocone and the metaconule. There is little or no 
trace of an internal groove on P 3/ and P 4/ to separate the 
protocone and hypocone. There is little or no trace of an 
internal cingulum on M 1-3/. The ectoloph and metaloph 
of M 3/ form a very wide obtuse angle. There is a well 
developed posterior cingulum on M 3/ and usually a small 
posterior buttress, the remains of the posterior extension 
of the ectoloph, which recalls the condition in Hotrigonias, 
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the hyracodonts and even Hyrachyus. The lower premo- 
lars are increasingly molariform posteriorly. P. /4 is vir- 
tually molariform except that an extension of the entoconid 
as a low cingulum usually blocks the inner end of the talo- 
nid valley. P /3 is well advanced. P /1 and P /2 func- 
tion mainly as antero-posterior blades. P /2 resembles 
P/1 in character more than it does P /3. I /2 has a sharp 
ridge on the median side but is usually smooth or nearly 
so on the outside. The posterior margin of the nasal in- 
cision is vertically above the posterior border of P 2/. 

This species, the genotype, was described by Lucas in 
1900, being founded on U. S. National Museum No. 3924 
(figs. 20 and 21), with U. S. National Museum No. 4815 as 
paratype (fig. 25). The type is the snout of an old indi- 
vidual with the three incisors, canine, and first three pre- 
molars on the right side, the third incisor, the alveoli for 
the other front teeth, and the first three premolars on the 
left side. Its only ascription is to the ‘‘Miocene” of Wash- 
ington County, South Dakota. It was presumably collected 
by Hatcher. Lucas undoubtedly mistook a break for the 
upper part of the premaxillary-maxillary suture, figured in 
his original description (1900) and reproduced by Scott 
(1913). 

Lucas’ paratype, U. S. National Museum No. 4815, col- 
lected by Mr. J. B. Hatcher, 1886, in Washington County, 
South Dakota, consists of the complete left ramus with all 
the cheek teeth, and the symphysis, with both incisor tusks, 
the first incisors being represented by their roots and the 
third incisors by their alveoli. It is a mature individual, 
with the teeth well worn. The stage of advancement of 
the premolars agrees exactly with the other lower jaws 
ascribed to Trigonias osborni. The ridge on the outside of 
I /2, distinctly less developed than in the other specimens, 
gives this tooth a character somewhat intermediate between 
other representatives of Trigonias osborni and the lower 
jaw, A. M. N. H. No. 13226b, belonging to one of the 
larger species of Trigonias described below; most of the 
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measurements accord closely with the other specimens of 
Trigonias osborni, but the size of the jaw and a few tooth 
measurements accord more closely with the larger lower 
jaw mentioned above. The entoconids of P /3 and P /4 
are not yet fused with the rest of their posterior crescents 
but are separate, distinct cusps. It seems best on the whole 
to refer it tentatively to Trigonias osborni. 

Hatcher correctly assigned to this species Carnegie Mu- 
seum Nos. 95 (96), 97, and 98, from the Lower Titano- 
therium Beds, three miles north of Warbonnet Ranch, 
Sioux County, Nebraska, collected in 1900 by Messrs. 
Hatcher and Utterback. He described and figured all these 
specimens (1901). Carnegie Museum No. 98 may be re- 
garded as the plesiotype. There is a conflict between 
Hatcher’s description and the actual numbering and cata- 
loguing of the specimens. Carnegie Museum No. 97 is, as 
stated, the lower jaw of a young individual and No. 98 is 
also correctly referred to. But Hatcher’s “No. 96” is the 
skull actually labeled No. 95 and mounted with the com- 
posite skeleton but recorded separately. as No. 96 in the 
catalogue. 

Skull No..95 (96) is nearly complete but much distorted 
and elongated by crushing. The teeth are greatly worn 
and several are lost. The following teeth are represented: 
Right: I 1/, P 2/—-M 3/, alveoli of I 2/, I 3/, C 1/, roots 
of P 1/; Left: 11/, P 2/, P 4/—M 3/, alveoli of I 2/, I 3/, 
G.1/,.P 37, roots Pil & 

Skull No. 98 has more parts actually missing but it is 
not greatly distorted. P 2/—M 3/ of both sides are present 
in good condition. The top and front of the skull are re- 
stored in plaster (fig. 24, and Hatcher 1901). 

The premaxillaries in No. 95 were apparently united in 
life by a tongue and groove suture, the tongue and groove 
running obliquely forward and upward along their ap- 
pressed median surfaces. There was doubtless also a liga- 
mentous connection but the two bones were not coossified. 
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As restored they are not in contact but this is quite cer- 
tainly the result of distortion. There is a strongly marked 
sagittal crest. The individual was old and the teeth are 
greatly worn. On the right M 3/ of this specimen there 
is a well marked posterior extension of the ectoloph (fig. 


22), somewhat exaggerated in distinctness by a coincident 
break, and a distinct trace of it on the left side (fig. 23). 


There is also a very slight trace of it on No. 98 (fig. 24 and 
Hatcher, 1901). All this suggests the condition in Hotrj- 
gonias, the hyracodonts and even, less markedly, in Hy- 
rachyus. (See Hatcher, 1901, p. 1388. He is in error in 
saying that the metacone is not present in M 3/.) This is 
a very important character phylogentically and helps to 
connect the true rhinoceroses with the other rhinocerine 
lines. The remnant of this posterior extension of.the ecto- 
loph is often found in “Cenopus” platycephalus. A speci- 
men of Subhyracodon tridactylum, A. M. N. H. No. 8088, 
collected from the White River Oligocene of White Buttes, 


N. D., by Cope in 1883, has this same type of buttress, very 
well developed, on both M 3/’s, but closer to the mid-line 


than in the ancestral forms. A possible reversion in this 
direction (although the buttress is much closer to the mid- 
line), appears on the left of M 3/ of a Menoceras (Dicera- 
therium) in a corner of the Agate Springs Quarry block in 
the Carnegie Museum, in Carnegie Museum No: 1555 (fig- 
ured by Peterson, 1920, pl. LVIII), and on the right 
M 3/ of Menoceras, A. M. N. H. No. 14229. 

To Trigonias osborni must also be referred Carnegie 
Museum No. 3914a, the symphysis of an old individual with 
the following teeth present: Right: I /1 (broken off), 
I /2 (tip lost), I /3 (root), P /1 (broken), P /2—M /1, 
M /2 (badly damaged) ; Left: I /1 (stub), I /2 (root), I /3 
(stub), P /1 (roots), P ./2, P /8, P /4 (damaged). The 
only interesting features are the unusually long symphysis, 
the presence of the broken stub of I /3 instead of the 
alveolus, as is usually the case, and the unusually strong 
ridge down the antero-inferior aspect of the symphysis. 
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This species is represented in the American Museum 
collections by the badly damaged skull of a very old indi- 
vidual, No. 12389, an exchange from the Carnegie Museum, 
which was collected from the Lower Titanotherium Beds, 
West Fork of Corral Draw, Washington County, South 
Dakota, by Mr. J. B. Hatcher in 1901. This furnishes little 
new information. There is a trace of the posterior exten- 
sion of the ectoloph on the left M 3/, but none on the right 
side. There is also part of a lower jaw, American Museum 
No. 9792 (fig. 26), collected by the Expedition of 1902, in 
the Titanotherium Beds of South Dakota. This includes 
part of the right ramus with all the cheek teeth and the 
symphysis with I /1 and I /2 on each side, as well as the 
alveolus for 1 /3 on the right side. This lower jaw is cer- 
tainly conspecific with that (figs. 27 and 28) described 
and figured by Hatcher (1901). It is an older individual, 
as all the permanent teeth are in place. The incisor tusks 
have a sharper lateral ridge than in other specimens of this 
species. The occlusal relations of this specimen appear to 
coincide with Lucas’ type upper jaw, tending to strengthen 
its reference to Trigonias osborni, along with the young 
lower jaw described by Hatcher (Carnegie Museum No. 
9D) 

The mounted skeleton of a specimen of Trigonias cf. 
osborni is figured by Cockerell (1923). 


Individual Variation in Trigonias osborni 


There are considerable individual differences among the 
specimens included in this species. Lucas’ paratype, U. 8. 
N. M. No. 4815 (fig. 25), has an external valley on P /1 
between what correspond to the trigonid and the talonid, 
also seen in an incipient form in Carnegie Museum No. 
914a. This is not present in Carnegie Museum No. 97 nor 
in A. M. N. H. No. 9792 (figs. 27 and 26). A. M. N. H. 
No. 9792 has an abnormally slender ramus. Carnegie Mu- 
seum No. 3914a has an unusually long symphysis. I /2 
usually has a delicate lateral ridge; in A. M. N. H. No. 9792 
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this ridge is unusually well defined. There is variation as 
to whether I 3/ or C 1/ is the larger, whether C 1/ is 
erect or procumbent, in the degree of reduction of the pos- 
terior buttress of M 3/, in the length of the diastemas in 
both upper and lower jaws, in the crown-length of I /2 
(largely a function of wear), and in measurements in gen- 
eral. In certain of these characters there is about as much 
variation between the two sides of the same animal as be- 
tween two different animals (see tables of measurements). 
‘This is also well shown by the position of the mental fora- 
mina. In Carnegie Museum No. 97, it is double on the 
right side beneath the posterior root of P /2 and the an- 
terior root of P /8. On the left side it is single beneath the 
anterior root of P /2. This is as great a difference as 
there is between any two different specimens. 

All these differences are distributed in no particular 
order and are purely individual. The animal most different 
from the.group is A. M. N. H. No. 9792, but its individual 
differences (perhaps partly a matter of sex) do not seem 
important enough to require any nomenclatural recognition. 


Individual Variation in Living Rhinoceroses 


The living African black rhinoceros, Opsiceros bicornis, 
furnishes another measure of the large degree of individual 
variation possible in a given species of rhinoceros. There 
are, of course, great differences in tooth pattern, accord- 
ing to the degree of wear. It is sometimes not realized 
that there may still be seven upper cheek teeth on a side, 
functioning at one time. There is a fine series of about 
thirty skulls in the American Museum, and among them, 
seven (Nos. 34748, 141386, 54124, 54288, 27758, 34739, and 
54311) retain d P 1/ on one side after all the other per- 
manent cheek teeth are in use. In No. 54311, d P 1/ is 
retained on both sides, as well as the right d P /1. In sev- 
eral specimens, especially in subadults, the alveolus of 
d P /1 is still present. 
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The first deciduous lower premolar is present in most 
of the calves. In No. 84741, which has M 2/ partly 
erupted, both d P /1’s are present, and small alveoli occur 
for dI /1 and d I /2, the alveolus for d I /2 being much the 
larger. The deciduous premolars are retained, except that 
d P /2 has been lost and P /2 is erupting. In No. 27754, 
with M 1/1 in place, all d P 1/1’s are retained and there is 
a small alveolus for right d I /2, with left d I /2 just cut- 
ting the gum. ‘In No. 27759, a still younger calf, with all 
the deciduous premolars in place and with the first upper 
and lower molars just erupting, the alveoli of right dI /1, 
d I /2, and left d I /1 are present, and left d I /2 is pres- 
ent, barely cutting the gum. 

In a calf of Rhinoceros unicornis, A. M. N. H. No. 70445, 
with all the deciduous premolars in place and M 1/1 not yet 
above the level of the gum, alveoli of left d I /1 and both 
d I /2’s are present, with right d I /1 in place, barely cut- 
ting the gum. 

All this is another illustration of the amount of indi- 
vidual variation possible, and of the danger of using the 
presence or absence of a tooth which is in process of be- 
ing lost, as a definite criterion of specific distinction, still 
less as a proof of generic distinction. 

Professor Osborn has pointed out (verbal communica- 
tion) the presence of a small roughening of the skin over 
the frontals, in a specimen of Rhinoceros unicornis, A. M. 
N. H. No. 54456, which would indicate that a very small 
horn had been present, corresponding in position to the 
frontal horn of Opsiceras. The alternative interpretations 
of such a condition—parallel mutations in forms with simi- 
lar genetic constitution, or reversion to an ancestral con- 
dition—are obvious. Conversely, Lydekker (1907) men- 
tions the photograph of a fresh-killed full-grown white 
rhinoceros showing the posterior horn reduced to a scarcely 
noticeable nubbin, and quotes Selous to the effect that the 
posterior horn is sometimes a mere lump two or three 
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inches high. It may be questioned whether the number of 
horns always has the great phylogenetic significance that 
is usnally attributed to this character. 
Trigonias, undescribed species ? near Trigonias osborni 

A. M. N. H. No. 12308, collected from the Titano- 


therium. Beds, Indian Creek, near the Cheyenne River, 
South Dakota, by Mr. Albert Thomson in 1904, a jumble 


of unassociated fragments of various animals, includes the 
second right upper incisor and the fourth left upper pre- 
molar of a member of the genus Trigonias (fig. 37). The 
incisor shows nothing new but the premolar is much more 
advanced than any specimen of Trigonias osborni I have 
seen; for although it is inside the range in size of specimens 
of Trigonias osborni, the hypocone is a separate, conical 
cusp, attached to the protocone at the base and separated 
from the metaconule by a wide deep valley. 

This tooth shows just the characters that would lead to 
the second of the two new species of Trigonias described 
below. It probably represents a valid species but it seems 
better to leave it to be named from some more complete 
specimen. 


Trigonias wellsi, new species PEG. Nes oauce, Bl. moe weds 


The holotype is A. M. N. H. No. 138226 (1). This animal 
is a third larger than Trigonias osborni. I 3/?, C 1/?, 
P 4/?, M 3/?. The canine is larger than the third incisor. 
None of the upper premolars are anywhere near molari- 
form. The metaloph is incomplete on P 2/. The hypo- 
cone on P 2-—4/ is merely a bud on the protocone, the two 
cusps being fully confluent, with an internal notch. The 
median valley opens widely, posteriorly. A well developed 
hypostyle is present on P 2/ and P 38/ of both sides, and 
on left P 4/, but is absent on right P 4/ (fig. 33). The 
presence of a hypustyle as a free cusp (not as an up-growth 
of the cingulum), which is otherwise unrecorded among 
rhinoceroses, living or fossil, bars this species from an- 
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cestry to any other known form. The pattern of P 1/ is 
almost obliterated by wear but what is left indicates a pat- 
tern identical with the second new species of Trigonias 
described below. A weak internal cingulum is present on 
all the molars. The ectoloph and metaloph of M 3/ form 
a straight line. The posterior cingulum of M 3/ is reduced. 
The post-glenoid and post-tympanic processes are well sep- 
arated below the external auditory meatus. 

This species is founded on a skull, without lower jaw, 
of an old individual, A. M. N. H. 13226 (1), with which 
parts of the skeleton are doubtfully associated. This speci- 
men was collected in the Upper Titanotherium Beds, Corral 
Draw, in the Big Badlands of South Dakota, by Mr. H. F. 
Wells in 1906, for whom the name is given. 

The first and third left incisors, both canines, what is 
apparently the left deciduous canine abnormally retained 
to old age, and all the cheek teeth are present. There is 
also associated a loose first right upper incisor, which may 
have dropped out of this specimen. If so, it must have 
done so after death but before fossilization, since the al- 
veolus is filled with completely consolidated matrix. The 
position and size of the other front teeth are indicated by 
their alveoli. Since Trigonias wellsi is so much larger 
than Trigonias osborni the virtual identity in size of I 1/ 
is somewhat surprising. The cheek teeth are badly worn 
but much of the pattern can still be determined. There is 
an incipient antecrochet on left P 3/. There is nothing 
very striking about the molars except their large size for 
so early a form. There is a small, more or less defined 
tubercle in the valley of M 3/. The roof of the skull is 
completely lost. 

As P 2-4/ of Trigonias wellsi are more primitive than 
the corresponding teeth of Trigonias osborni, or even of 
Eotrigonias rhinocerinus, it seems most probable that the 
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Trigonias line separated from the Hotrigonias line before 
the BE. rhinocerinus stage, and that the 7. wellsi line sepa- 
rated from the Triyonias stock before the T. osborni stage. 


Trigonias gregoryi, new species Figs. 39 and 40 


The holotype is A. M. N. H. No. 138226a. This form is 
almost as large as Trigonias wellsi. 1 3,/?, C 1/?, P 4/2, 
M 3/?. The upper canine is larger than the third incisor. 
The pattern of the P 1/’s is similar to that of the paratype 
of “Cenopus” platycephalus, figured by Osborn (1898, 
Pl. XIII, fig. 9). Upper premolars 2—4 are very progres- 
sive for Trigonius, bearing more resemblance to “Cenopus” 
platycephalus than to either of the other two species of 
Trigontas, or to any other hitherto known form. There 
is no hypostyle on the upper premolars. P 2/ is virtually 
molariform, with a complete metaloph which is separate 
from the protoloph down to the level of the cingulum. P 3/ 
and P 4/ are also progressive, although less advanced than 
P 2/. The hypocone of P 3/ is nearly independent of the 
protocone but is not completely joined to the metaconule. 
It is more advanced in both respects, however, than either 
Trigonias wellst or Trigonias osborni. The metaloph is 
almost complete on the right P 4/ but much less so on the 
left P 4/, where the hypocone is rudimentary. There is 
what appears to be an antecrochet on the right P 4/. This 
is an unprecedentedly early appearance for this structure. 
The molars have no internal cingulum. The ectoloph and 
metaloph of M 3/ form.a straight line. The posterior cin- 
gulum of M 3/ is well developed. The posterior margin 
of the nasal incision is vertically above the anterior border 
of P27. 

This species is founded on the skull of a young adult, 
A. M. N. H. No. 13226a, without the lower jaw, with doubt- 
fully associated parts of the skeleton, which was collected 
in 1906 by Mr. H. F. Wells from the Upper Titanotherium 
Beds, Corral Draw, Big Badlands, South Dakota. The spe- 
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cific name is given in recognition of Professor William K. 
Gregory. The left canine, all the cheek teeth, and the 
alveoli of the other front teeth, are present. The rear half 
of the skull is badly mutilated, especially on the right side, 
where it is largely missing. There is nothing striking 
about the molars except their large size for a lower Oligo- 
cene true rhinoceros. There is a very poorly defined tu- 
bercle in the valley of M 3/. The cheek teeth are in some- 
what the same stage of evolution as those of “Leptacera- 
therium’” trigonodum. They are, however, very much 
larger, and P 1/, P 3/, and P 4/ are less advanced toward 
the molar pattern. 

Trigonias gregoryi, especially in the progressiveness of 
P 2/, tends to break down the clear distinction between 
Trigonias and the later forms, usually referred to Czeno- 
pus, as this name was used by Troxell (1921la). In the 
totality of its characters, however, it resembles Trigonias 
more than any of the later forms. The presence of this 
intergrading form certainly is no reason for abandoning 
the otherwise valid genus Trigonias—unless for a believer 
in special creation. 
Trigonias gregoryi ? Wood Pl. 6, fig. 38. 

I ?/3, C ?/0, P ?/4, M ?/3. The erupting permanent 
incisor tusks resemble those_of the later Oligocene rhinoce- 
roses in being ridged on the median side only, as in some 
specimens of Trigonias osborni, rather than the other speci- 
mens with external ridges as well. I /2 procumbent. P /3 
and d P /4 are molariform, P /2 nearly so. P /2 resem- 
bles P /3 more than it does P /1. P /1 is nearly as ad- 
vanced as P /2 of Trigonias osborni. P /2 and P /3 are 
much further metamorphosed than the corresponding teeth 
of Trigonias osborni. The basal cingulum of P /2 and P /3 
surrounds the posterior crescent, both behind and internal 
to it, lapping over on the metaconid. 

This description is based on a complete lower jaw, 
13226 b, of a young individual, collected from the Upper 
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Titanotherium-Beds in Corral Draw, Big Badlands, South 
Dakota, by Mr. H. F. Wells in 1906. The first and third 
incisors are represented by alveoli only, the permanent sec- 
ond incisors are partly erupted, the first premolars are 
in place, the second and third permanent premolars are 
erupting, the greatly worn fourth deciduous premolars are 
still in place, the first and second molars are in place and 
the erupting third molars are still well below the level of 
the gum. 

This form is too large and too progressive to be re- 
ferred to Trigonias osborni. It is difficult to refer it with 
any assurance to either Trigonias wellsit or Trigonias 
gregoryi. It is also possible, though not at all likely, that 
it represents still a third species. The mode of fossiliza- 
tion is the same as the type of Trigonias gregoryi and it 
was regarded by the collector as the lower jaw belonging 
with the skull. It cannot be the same individual, however, 
as shown by the occlusal relations and especially by the 
considerable wear of the upper molars of the type of Tri- 
gontias gregoryi, since M /1 and M /2 of this lower jaw are 
absolutely unworn. Judging from the occlusal relations 
of the first and second molars, this individual when fully 
grown would have been appreciably larger than the type 
of Trigonias gregoryi and, apparently, slightly larger than 
the type of Trigonias wellsi. It would, however, have been 
well inside the probable range of variation in size of either 
species, even using the narrow limits of specific variability 
permitted by modern systematic zoologists. 

I assign it provisionally to Trigonias gregoryi, since 
the premolars show more advance over those of Trigonias 
osborni than would be expected in the lower premolars of 
Trigonias wellsi, judging by the stage of evolution of the 
upper premolars of Trigonias wellst. 

Perhaps associated with this lower jaw there is a left 
first upper incisor with enough of the premaxillary bone 
adherent to prove that it was part of still a third skull. 


211 Woop: TERTIARY RHINOCEROSES 51 


The tooth is somewhat damaged. The measurements are 
as follows: 


Crown length 13.0 mm. 
_ Antero-posterior 18.0 mm. 
Transverse 10.5 mm. 


The American Museum specimens which have just been 
described as Trigonias wellsi, Trigonias gregoryi, and Tri- 
gonias gregoryt ?, are all parts of an associated find, in- 
cluding parts of at least five individuals, from the Upper 
Titanotherium Beds, according to the original correspond- 
ence of the collector, Mr. H. F. Wells. They were pro- 
visionally catalogued as two skulls and a large part of the 
skeletons of a new species of ? Trigonias. 


Trigonias paucidens, new species P16, figs-35,-P1. 7, fig: 36. 


The holotype is A. M. N. H. No. 11865, a skull without 
the lower jaw, from the Lower Titanotherium Beds of 
Quinn Draw, Big Badlands, South Dakota, collected by Mr. 
H. F. Wells in 1903. It was provisionally catalogued as 
Cenopus platycephalus, and has only now been sufficiently 
prepared and reinforced to be available for study. The 
skull belonged to a fairly old individual, since the pattern 
is nearly obliterated on P 1/—P 3/ and on M 1/. 

13/?,C 0/?, P 4/?, M 3/?. The skull is a shade larger 
than any measured specimen of Trigonias osborni. It is 
appreciably smaller than the other species of Trigonias, or 
than “Cznopus” platycephalus. I 2/ is larger than I 3/. 
None of the cheek teeth has an external cingulum. The 
pattern of P 1/—P 3/ is nearly obliterated by wear, but it 
must have been much like Trigonias osborni. There is a 
strong internal cingulum on P 2/—P 4/. The pattern of 
P 4/ is indistinguishable from that of Trigonias osborni. 
The upper molars have no internal cingulum, except a 


trace across the median valleys of M 1/ and M 2/. M 3/ 
is inside the range of variation of T. osborni, having a very 


faint trace of a posterior buttress and a well-develoned 
post-fossette. 
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Right I 1/ and left I 1/ and I 2/ are represented by 
their alveoli, only. These teeth presumably dropped out 
after the death of the animal. Left P 3/ and P 4/ are 
also missing, but were almost certainly lost during life, as 
there was apparently some deposition of bone in their 
alveoli. Right P 4/, left M 2/ and left M 3/ each have a 
slight pit at some point on the occlusal surface, which may, 
perhaps, be due to caries. 

On the basis of the loss of C 1/, there would be prece- 
dent for erecting this species into a new genus. However, 
there does not seem to be any necessity for such a step. 
Except for the lost tooth, it could easily be included in 
Trigonias osborni. Jf I 3/ instead of C 1/ is the missing 
tooth, it would seem to approach the definition of Lepta- 
ceratherium; but, actually, it has little in common with 
“Leptaceratherium” trigonodum. However, the missing 
tooth is almost certainly the canine. Although the pre- 
maxillary suture abuts against the middle of the lateral 
front tooth, nevertheless this tooth appears, actually, to 
be set in the premaxillary. Additional confirmation is fur- 
nished, by the fact that, in other species of Trigonias, this 
suture runs well anterior to the canine, sometimes coming 
in contact with I 3/, and by the presence, in the type of 
Trigonias paucidens, of slight pits which may have held 
the deciduous canines, well behind the last front tooth. 
Detailed measurements are given below. 

Trigonias paucidens was probably very close to the an- 
cestor of “Cxnopus” platycephalus, if not actually ancestral 
to it. Troxell’s suggestion (192la) that “Leptacera- 
therium” trigonodum was ancestral to “Cenopus” platy- 
cephalus seems, at the least, highly improbable, since the 
former species has lost the first lower premolar (A. M. 
N. H. Nos. 529 and 1489), which is typically retained in 
the latter (A. M. N. H. Nos. 542 and 545). The fact that 
P 3/ of “Leptaceratherium’” trigonodum is so much more 
progressive than P 3/ of “Cenopus” platycephalus is an 
objection of still greater weight. On the other hand, Tyvi- 
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gonias paucidens fulfills all the necessary requirements for 
the ancestor of “Cznopus’ platycephalus. 


Trigonias cf. osborni Lucas, or cf. Trigonias paucidens Wood. 
Caenopus platycephalus nanolophus Troxell. Troxell, 1921a 

The holotype, Yale Peabody Museum No. 12489, was 
collected from the Oligocene of Colorado by Mr. Deven- 
dorf. The type consists of right P 1/ and left P 1/-M 3/. 
Its. geological level. seems to be entirely uncertain, 
beyond being Oligocene. It falls right into place as 
a specimen of Trigonias osborni, or, perhaps, Trigonias 
paucidens. It agrees with the other specimens of Trigonias 
osborni, not only in detailed measurements, but in almost 
every other character. (This resemblance is only partly 
shown by a comparison of Troxell’s figure with mine.) 
The most striking common characters are the very deep 
valley, opening posteriorly on P 3/ and P 4/, which is 
found in all but the most worn specimens of Trigonias 
osborni, and the union of protocone and hypocone on P 2/, 
although they are separated internally by a deep groove. 
I am unable to regard the few characters in which it dif- 
fers from other specimens of Trigonias osborni as making 
it worthy of specific or subspecific distinction. These 
characters are: the slightly greater length of the molars, 
especially M 1/, and the fact that the protoloph of P 1/ is 
nearly perpendicular to the ectoloph, instead of swinging 
well posteriorly as in the holotype (U.S. N. M. No. 3924). 
This specimen (Y. P. M. No. 12489). shows just the char- 
acters needed for an ancestor of Trigonias gregory. 

Troxell recognized the fact that this form was very 
different from any other well known form. The unsatis- 
factory character of the published figures of Trigonias os- 
bornt, together with the highly dubious assignment lof 
Y. P. M. No. 12489 to the Middle or Upper Oligocene, pre- 
vented him from recognizing it closest relationships. The 
only published figures of the cheek teeth of Trigonias were 
the very badly worn specimens in Hatcher’s paper, which 
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suggest slight resemblance to the little-worn teeth of the 
Yale specimen. And, of course, “Cxenopus” platycephalus 
has retained much of its heritage from the Trigonias stage. 
This specimen is more probably referable to Trigonias 
osborni than to Trigonias paucidens, in view of the fact 
that the former species is much better represented, nu- 
merically, in the collections. However, strictly speaking, 
the species is indeterminate, due to the absence of the front 
teeth, which furnish the only real distinguishing character 
between Trigonias osborni and Trigonias paucidens. 

Troxell’s figure. and description are very complete, and 
furnish a valuable reference specimen—the first not badly 
worn—for Trigonias osborni. The figure is misleading to 
the extent that there is no posterior hook on the hypocone 
of P 2/ of the specimen. 

An unworn right P 4/ in the Yale Museum, No. 12562, . 
is unquestionably the same form. 

In the tables that follow, certain measurements given 
by Lucas or Hatcher are omitted. The “greatest length of 
the premaxillaries” is often hard to determine, due to the 
difficulty in distinguishing sutures from cracks. The 
“crown length” of I 1/ or I /2 is valueless, since it is de- 
pendent on the amount of wear. In various cases measure- 
ments are not given when the specimen is so badly dam- 
aged or distorted that figures would be valueless or mis- 
leading. : 

The American true rhinoceroses of the middle and 
upper Oligocene, formerly referred to Aceratherium Kaup, 
1832, are now usually referred to Cznopus Cope, 1880 
(Genoholotype, Aceratheriwm mite). If these rhinoceroses 
are regarded as a single genus, the name Subhyracodon 
Brandt, 1878 (originally including Aceratherium mite, 
Aceratherium occidentale and Aceratherium quadripli- 
catum) must hold for all of them. Matthew implies this 
(Osborn and Matthew, 1909, and Cope and Matthew, 1915) 
but does not make the statement explicitly. As Acera- 
therium quadriplicatum was made the type of Anchisodon 
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Cope, 1879, and in any case is merely a synonym for Acera- 
therium occidentale ?, given to the milk teeth, and as 
Aceratherium mite was later made the type of Czxnopus, 
Aceratherium occidentale becomes the genolectotype of 
Subhyracodon, fixed by elimination (Copé and Matthew, 
1915). As a descriptive name Subhyracodon is seriously 
misleading; unfortunately there can be no question of its 
validity. 

I shall try to show that this group splits naturally into 
three rather widely separated series, which would seem to 
deserve subgeneric or generic rank. As they appear to be 
distinct through most of the Oligocene and as only the 
largest line can be traced with any great probability to 
any known member of the genus Trigonias, they are here 
ranked as distinct genera. This has the incidental merit 
of simplifying the nomenclature, reducing the scope of the 
name Subhyracodon, and keeping the historic name Czno- 
pus from being relegated into the synonymy. 

Caenopus Cope, 1880 

Genoholotype: Aceratherium mite Cope, 1875. 

Questionably referred species: Ceznopus ? dakotensis 
Peterson, 1920. Cznopus ?? minor (Filhol) 1884. 

Small, North American and European ?, Oligocene rhi- 
noceroses; heavier but no taller than Hyrachyus eximius 
Leidy; I 2/2, C 02/0, P 4/3, M 3/3; P 2/ and P 4/ have 
the metaloph definitely separated from, and parallel with, 
the protoloph; P 3/ is less advanced. The very progressive 
character of P 4/ is the most striking character. A very 
weak and interrupted internal cingulum is present on the 
upper molars. Manus tridactyl? 

This genus may be ancestral to Menaceras (= Dicera- 
therium) cooki (Peterson). The possible inclusion of one 
or more European forms inside the limits of this genus is 
an interesting question which should be left open for the 
present. 

“Czenopus” persistens Osborn is probably referable to 
Diceratherium. 


56 BULLETIN 50 216 


It is possible that the European genus Prxaceratherium 
Abel is congeneric. with Cznopus. The teeth of Prexacera- 
therium minus (Filhol), figured by Abel (1910), are al- 
most exactly identical with those in the maxilla of Cenopus 
mitis in size and are strikingly similar in character. P 4/ 


is molariform and P 2/ is more advanced than P 3/. An 
extensive synonymy is given by Abel. The specimen re- 


ferred by Koch to Preaceratherium minus is more sug- 
gestive of Subhyracodon cf. occidentale (Koch, 1911; Abel, 


1914). 


Caenopus mitis (Cope), 1875 Fig. 36, Osborn, 1898 


Aceratherium mite Cope. Cope, 1875. 

Aceratherium (Subhyracodon) mite (Cope). Brandt, 1878. 
Czenopus mitis (Cope). Cope, 1880. 

Aceratherium pumilum Cope. Cope, 1885 (name only). 

Cenopus pumilis Cope. Cope, 1891. 

Aceratherium mite Cope. Osborn, 1898. 

Czenopus mitis (Cope). Osborn and Matthew, 1909. 
Cxnopus (= Subhyracodon) mitis (Cope). Cope and Matthew, 1915. 
Cznopus mitis (Cope). Troxell, 1921 a. 


The holotype is a mandible, A. M. N. H. No. 6325. The 
paratype, a badly damaged set of supper cheek teeth, A. M. 
N. H. No. 6325, is probably associated with the type. 
Mixed with these specimens there are also some _ up- 
per teeth, A. M. N. H. No. 6326, formerly regarded as a 
paratype but here referred to Subhyracodon copei. Asso- 
ciated with these specimens there are parts of a left pre- 
maxillary with the anterior tip of the maxillary attached, 
which shows the alveoli, a right femur and astragalus, a 
left radius and tibia, an axis and various other vertebre, as 
well as fragments. These specimens were collected by Pro- 
fessor Cope in 1878 for the Hayden Survey from the Upper 
Titanotherium Beds of Cedar Creek, Logan Co., Colorado. 
I 2/?, C 1-0/?, P 4/3, M 3/3. The alveolus for the upper 
canine is very small. P 2/ is molariform with separate 
parallel lophs. The hypocone of P 3/ is connected about 
equally closely to the protoloph and the metaloph. P 4/ has 
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a clearly separated metaloph, partly connected with the 
protoloph by a spur near the internal margin. If con- 
tinued all the way across the valley, this spur would become 
what Troxell has named the ‘‘mure.”’ Phylogenetically, the 
mure is probably merely the reduced isthmus between the 
protocone and hypocone. The upper molars have no cris- 
te and very weak internal cingula. I /2 is semiprocum- 
bent. 

The doubtfully associated foot bones are figured by 
Cope and Matthew (1915, Pl. CIV and CV). Measure- 
ments are given by Cope (1875). The number of toes in 
the manus is not definitely known. A carpus in the Prince- 
ton Museum referred, perhaps incorrectly, to this species, 
has an undivided distal facet on the unciform (Wortman, 
1898). Osborn and Scott regarded this carpus as prob- 
ably tridactyl but Wortman considered the evidence incon- 
clusive. The reference is uncertain, as Subhyracodon 
copei occurs in the same beds and is about the same size. 
The latter was in all probability tridactyl. Until, there- 
fore, a manus and skull of Cxenopus mitis are found cer- 
tainly associated, the question must be left open. 


Cznopus ? dakotensis Peterson, 1920 Fig. 89, Osborn, 1898 


Aceratherium mite ? Cope. Osborn, 1898. 
Cznopus dakotensis ? Peterson. Peterson, 1920. 
Cenopus tridactylus (Osborn). Troxell, 1921 a. 


The holotype is A. M. N. H. No. 1110, collected from 
the Protoceras Beds, near the Cheyenne River, S. D., by 
the American Museum Expedition of 1894. 

I /2, C /0, P /3, M /3. I /2 is semiprocumbent. 

By a lapsus calami Troxell (1921la) calls Czenopus 
dakotensis Peterson a synonym of Cenopus tridactylus 
(Osborn). As Peterson. (1920) explains, Cznopus dako- 
tensis is a provisional name, given largely on stratigraphic 
grounds, to the lower jaw of an animal even smaller than 
the type of Cznopus mitis. Is was described and figured 
by Osborn (1898). Detailed measurements are given 
below. 
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Menoceras Troxell, 1921 

This genus is doubtfully distinct from Diceratherium 
Marsh. If it be regarded as the end-product of a distinct 
line of evolution, as yet largely unknown, the separation 
seems warranted. The structural differences, however, are 
hardly worthy of generic rank—certainly not if it is a 
descendant of Subhyracodon tridactylum. The more indi- 
vidual characters of Menoceras cooki are: relatively small 
size, knob-shaped horn cores at the tip of the nasals (as 
opposed to the long narrow horn of the larger forms; little 
tendency for a mure to develop on the upper premolars; 
enlargement of the crista of d P 2/ into a full-sized trans- 
verse crest; pattern of the upper cheek teeth extremely 
complicated; animal much more specialized for cursorial 
life than Subhyracodon tridactylum, and therefore, prob- 
ably, than the large diceratheres. (See table of limb ratios 
below. ) 


Menoceras cooki (Peterson) 1906 Pl. LX, Peterson, 1920 


Diceratherium cooki Peterson. Peterson, 1906. 
Diceratherium arrikarense Barbour. Barbour, 1906. 
Dioeratherium schiffi Loomis. Loomis, 1908. 
Diceratherium aberrans Loomis. Loomis, 1908. 
Aceratherium stigeri Loomis. Loomis, 1908. 
Diceratherium loomisi Cook. Cook, 1912. 
Diceratherium cooki Peterson. Peterson, 1920. 
Menoceras cooki (Peterson). Troxell, 1921 b. 


Genoholotype: Carnegie Museum No. 1572. Horizon: 
Upper Harrison. Locality; Nebraska. I 2/2, C 0/0, 
P 4/3, M 3/3. I /2 erect to semi-erect. 

This species has been monographed by Peterson (1920) 
and made the type of the genus Menoceras by Troxell 
(1921 b). The further splitting off of Metacenopus Cook 
from Diceratherium seems totally unjustifiable. 


It seems possible that Menoceras cooki is derived from 
Cxnopus ? dakotensis as suggested by Peterson (1906 and 


1920), or from Czxnopus mitis. At least other possibilities 
seem less likely. The much smaller size is a considerable 
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difficulty in the way of deriving it from Subhyracodon 
tridactylum. 

In a specimen of Menoceras cooki in the American Mu- 
seum, Field number 9, expedition of 1914, the first decidu- 
ous right lower premolar is retained after all the perma- 
nent cheek teeth have come into use. It is very small. 

The crista of dP 2/, as pointed out by Peterson, is 
elongated into an independent transverse crest, almost as 
long as the protoloph or metaloph. This tooth shows more 
specialization over the corresponding tooth in Subhyraco- 
don than any other tooth, deciduous or permanent. No 
correlated specialization occurs in d P /2. 


Subhyracodon Brandt, 1878 


The genoholotype (fixed in Cope and Matthew, 1915, by 
elimination) is Aceratherium occidentale (Leidy). (The 
genotypes, as given by Brandt, are Aceratherium mite, 
Aceratherium occidentale, and Aceratherium quadripli- 
catum. See above.) These are moderate sized North 
American Oligocene rhinoceroses, which merge into Dicera- 
therium, developing paired horns on the nasals in the male. 
The manus is tridactyl. I 2/2, C (1)-0/0, P 4/(4)-3, 
M 3/3. 13/ is the first upper tooth to be lost in this series, 
as distinct from the larger series, in which C 1/ is the first 
upper tooth to be lost. P 2/ is molariform. P 3/ and, 
later, P 4/ become progressively molariform. The internal 
cingulum on the premolars is complete and prominent. 
There is a well-developed internal cingulum on the upper 
molars, which is usually more or less interrupted. I /2 
is semi-erect to procumbent. 

Referred species: Swubhyracodon trigonodum (Osborn 
and Wortman), Subhyracodon copei (Osborn), Subhyraco- 
don metalophum (Troxell), Subhyracodon tridactylum 


Osborn. 


Leptaceratherium Osborn, 1898 
The genoholotype is Aceratherium trigonodum Osborn 
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and Wortman, 1894. I 2/2, C 1-0/0, P 4/3, M 3/3. I /2 
is semi-procumbent to procumbent. 

This generic name is here placed in synonymy with 
Subhyracodon. The upper premolar pattern is not very 
different from that of more typical members of the genus, 
although it is somewhat more primitive, and the exact de- 
gree of reduction of the upper canine is certainly not a 
character of generic importance. 

Meninatherium Abel may be congeneric with Subhy- 
racodon. 


Subhyracodon trigonodum (Osborn and Wortman) 


Fig. 46 c, Osborn, 1898 

Aceratherium trigonodum Osborn and Wortman. Osborn and Wort- 
man, 1894. 

Aceratherium (Czxnopus) mite Cope. (A. M. N. H. No. 521.) Osborn 
and Wortman, 1894. 

Leptaceratherium trigonodum (Osborn and Wortman). Osborn, 1898. 

Aceratherium copei Osborn (paratype, A. M. N. H. No. 521). Os- 
born, 1898. 

Leptaceratherium trigonodum (Osborn and Wortman). Osborn and 
Matthew, 1909. 

Czenopus (Leptaceratherium) trigonodus (Osborn and Wortman). 
Troxell, 1921 a. 


The holotype is A. M. N. H. No. 528, from the Upper 
Titanotherium Beds of South Dakota, collected by the Ex- 
pedition of 1892. Range: Upper Titanotherium Beds to 
Lower Oreodon Beds. 

Slightly larger than Subhyracodon copei or Cenopus 
mitis, slightly smaller than Subhyracodon occidentale. 
I 2/2, C 1-0/0, P 4/(4)-38, M 3/3. P 2/ is fully molari- 
form with the lophs united well above the cingulum. In 
both P 3/ and P 4/ the hypocone is very slightly developed 
as a distinct cusp. In P 3/, when even slightly worn, the 
protoloph and metaloph are cornected like a blunted v, 
inclosing a deep basin. I /2 is semiprocumbent to pro- 
cumbent. 

An unworn specimen such as the type is very easily 
recognized, as the small and poorly defined hypocone of 
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P 3/ and P 4/ is united firmly to the metaconule but sepa- 
rated by a slight constriction from the protocone. 

In P 3/ the metaconuie is attached to the posterior edge 
of the hypocowe instead of the anterior edge as in S. copei 
and S. occidentale. In P 4/ the median valley would al- 
ways escape internally, never posteriorly as in S. copei and 
S. occidentale, until the tooth was sufficiently worn so that 
the valley was completely enclosed. 

There is additional confirmation of Osborn’s discovery 
(1898) that Subhyracodon trigonodum retained the upper 
canine into maturity. The partly prepared skull of a very 
old individual from the Lower Oreodon Beds (A. M. N. H. 
No. 9790) probably referable to this species, has well 
marked alveoli for right I11/,12/,and C1/. The transfer 
of the paratype of Subhyracodon copei (A: M. N. H. No. 
521), which has a superior canine, to this species, is still 
further confirmation. That this transfer is necessary can 
be seen by comparing P 3/ of No. 521 with the types of 
the other two species. (See Osborn, 1898, fig. 448.) 

A. M. N. H. No. 1131, probably referable to this species, 
has on both third upper molars a very slight trace of the 
posterior extension of the ectoloph, with a fairly distinctly 
defined post-fossette. 

U. S. N. M. No. 8430 should be referred to this species. 
L P /1 (probably Ld P /1) and the roots of the corre- 
sponding tooth on the opposite side are retained. The con- 
nection between the protoloph and metaloph of P 2/ is car- 
ried unusually high for this species. This is a young 
specimen with all the deciduous fourth premolars still in 
place and with the third upper molars just cutting the 
gums. P/3 is almost molariform, P /2 is definitely pre- 
molariform. 

Subhyracodon copei (Osborn) 1898 Fig. 44 A, Osborn, 1898 
Aceratherium (Cznopus) mite Cope. (A. M. N.H. No. 522.) Osborn 


and Wortman, 1894. 
Aceratherium copei Osborn. Osborn, 1898 (A. M. N. H. No. 522). 
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Cxnopus (= Subhyracodon) copei (Osborn). Osborn and Matthew, 
1909. 


Cznopus copei (Osborn). Peterson, 1020. 
Cznopus copei (Osborn) in part. Troxell, 1921 a. 


The holotype is A. M. N. H. No. 522 from the Lower 
Oreodon Beds of South Dakota, collected by the Expedition 
of 1892. I 2/?, C 1/?, P 4/?, M 3/?. This species is 
smaller than Subhyracodon trigonodum or Subhyracodon 
occidentale. This shows most clearly in the molar series, 
which is shorter by about a sixth. P 3/ is also much more 
primitive than in either of the other species. P 2/ is 
molariform, P 3/ and P 4/ are still unmetamorphosed. The 
protoloph and metaloph of P 2/ are united well above the 
cingulum. In P 3/, well into maturity, the hypocone is 
not attached to the metaconule, letting the median valley 
escape posteriorly. P 4/ resembles Subhyracodon occi- 
dentale in shape more closely than it does Subhyracodon 
trigonodum. It is slightly more advanced than P 3/, so 
that, in the type specimen, the posterior outlet of the valley 
is already closed. 

The “paratype” of Cznopus mitis, A. M. N. H. No. 63285, 
should be referred to this species. 

The “paratype” of Subhyracodon copei, A. M. N. H. 
No. 521, should be referred to Subhyracodon trigonodum. 


Comparison of Osborn’s figures (1898, p. 147) suggests 
this strongly, and on comparison of the specimens this 


change is virtually necessitated by the character of P 3/, 
which has the enclosed basin characteristic of P 3/ and 
P 4/ in Subhyracodon trigonodum. As the specimen is 
young, still retaining dP 4/, the characters of this tooth 
cannot be used as an additional check. 

The failure to refer these two paratypes to their correct 
species is in large part the cause of the general confusion 
as to the characters of these species. This has been par- 
ticularly the case with Subhyracodon copei and Subhyraco- 
don. occidentale. Besides the obvious difference in size and 
the retention of the upper canine, there is a marked differ- 
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ence in P 3/. “Third and fourth upper premolars with 
tetartocone spurs united chiefly with protoloph”— (Osborn, 
1898). In Subhyracodon occidentale, on the other hand, 
P 3/ has its protoloph and metaloph approximately paral- 
lel and partly separate, with an internal outlet for the 
median valley. Subhyracodon copei differs from Subhy- 
racodon trigonodum in the pattern of both P 3/ and P 4/, 
where the outlet of the valley is median. 

There are two specimens referred to Subhyracodon 
copei, A. M. N. H. Nos. 6326 and 12452, from the Upper 
Titanotherium Beds. 

The closest relationships of Subhyracodon copei are 
with Subhyracodon occidentale, to which, as Osborn has 
pointed out (1898), it-is in all probability ancestral. In- 
crease in size, earlier loss of C 1/ and a slight advance in 
P 3/ are the chief advances necessary to give the later form. 


Subhyracodon occidentale (Leidy) 1854 Pl. XII, Leidy, 1854 a 


Rhinoceros occidentalis Leidy. Leidy, 1850. Proc. Phil. Acad. Nat. 
Sci., V, p. 119. This is a nomen nudum, as the type is lost 
and would, in any case, be indeterminable. 

Rhinoceros occidentalis Leidy. Leidy, 1854 a. 

Aceratherium occidentale (Leidy). Leidy, 1854 b. 

Aceratherium (Subhyracodon) occidentale (Leidy). Brandt, 1878. 

Aceratherium occidentale (Leidy.) Cope, 1879 a. 

Aceratherium occidentale (Leidy). Osborn, 1898. 

Cenopus occidentalis (Leidy). Osborn, 1900. 

Cznopus (= Subhyracodon) occidentalis (Leidy). Osborn and 
Matthew, 1909. 

Cznopus trigonodus allus Troxell. Troxell, 1921 a. 

Cznopus copet Troxell (not Osborn) in part. Troxell, 1921 a. 

Aceratherium occidentale (Leidy). Osborn, 1923 a. 


I agree with Osborn (1898) and Sinclair (1924) that 


S. occidentale is valid, in preference to Troxell’s opinion 


(1921) that it should be abandoned in favor of S. copez. 
The neotype is U. S. National Museum No. 114. The 


range of this species is probably the Lower and Middle 
Oreodon Beds. This animal was slightly larger in nearly 
all dimensions than Subhyracodon copet. The molar series 
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is markedly longer than in Subhyracodon copei. The pre- 
molar series is distinctly shorter than in Subhyracodon 
metalophum and less advanced (especially P 4/). Its in- 
teriority in size as compared with Subhyracodon tridac- 
tyvum is still more apparent. 

There are no traces of horn cores. The manus is tri- 
dactyli: bk 272%. G.0/0;. PeAvae Ne 13/3. socdsba2e2s diGa te: 
dP 4/4. I 2/ 1s still large. P 2/ has parallel, separate 
lophs. P 8/ has its protoloph and metaloph fully con- 
tluent after slight wear but the hypocone is better devel- 
oped than in Subhyracodon trigonodum and, unlike S. copet, 
the outlet of the vailey 1s median. The metaconule of P 4/ 
usually turns anteriorly and abuts against the outer side 
of the hypocone, which is only partly distinct from the pro- 
tocone. The median valley usually escapes posteriorly 
(much like P 3/ of Subhyracodon copei) until a moderately 
advanced stage ot wear. I /2 is semi-erect. 

The character of P 4/ before excessive wear is well 
shown in A. M. N. H. No. 6330, collected by Cope in. Colo- 
rado in 1873, in the White River Beds. These teeth show 
clearly the original pattern of the type specimen before 
it was greatly worn. (See Pl. XII, Leidy, 1854 a.) It is 
also well shown in A. M. N. H. No. 1118, collected by the 
A. M. N. H. Expedition of 1894, from the “Turtle-Oreodon 
Layer,” Oreodon Beds, Cheyenne River, South Dakota, a 
specimen younger than the type of Subhyracodon copei, 
about the age ot the type of Subhyracodon trigonodum, tor 
M 3/ is not quite fully erupted. P 3/ has its metaloph al- 
ready complete, united to the protoloph and completely en- 
closing the median valley. P4/, very slightly worn, shows 
a posterior outlet for the median valley between the hypo- 
cone and the metaconule. 

The specimen which Koch (figured by Koch, 1911 and 
Abel, 1914) referred to Preaceratherium minus seems dis- 
tinct from the type. On the other hand, both in size and 
dental characters, it seems so like Subhyracodon occiden- 
tale, that if it had been found in North America, it would 
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have been referred to that species. 
Subhyracodon occidentale (Leidy) 
Cexnopus trigonodus allus Troxell. Troxell, 1921 a (figs. 1 and 2). 

The holotype is Y. P. M. No. 12052, from the Oreodon 
‘Beds of Nebraska, collected by Mr. H. C. Clifford. This is 
a young individual. The third right upper molar was just 
about to erupt, as were both third lower molars. 

I fail to see any marked resemblance between this speci- 
men and the type of Subhyracodon trigonodum. It does 
not have the one really distinctive feature of the latter 
species, the confluent protoloph and metaloph on P 4/, 
forming a V with a median outlet for the valley, nor the 
somewhat loose attachment of the hypocone to the meta- 
conule, notched by a deep valley posteriorly, on P 2/. In 
size, loss of C 1/, and general character, it resembles Sub- 
hyracodon occidentale. 

The figures in Troxell’s paper are accurate, except that 
they fail to show a small antero-internal descending rib, 
between the protoloph and ectoloph of P 1/ and the “mure”’ 
connecting the protocone and hypocone of P 2/. 


Subhyracodon gidleyi, new species Figs. 29, 30, 31 


The holotype, U. S. N. M. No. 11337, was collected by 
Mr. J. B. Hatcher in 1886, from the “White River Ter- 
tiary.”’ It is slightly smaller than the type of Subhyracodon 
occidentale, from which the premolars are indistinguish- 
able. The name is given for Dr. J. W. Gidley. M 1/ and 
M 2/ have part of the median valley completely cut off by 
the upgrowth of the antecrochet, to form medifossettes. 

The specimen consists of left P 2/-M 2/, with the roots 
of P 1/ and fragments of M 3/, and right P 4/—M 2/, with 
the roots of P 1/—-P 3/ and the front half of M 3/, frag- 
mentary lower teeth, and the astragalus. Associated with 
it are Mesohippus and Oreodon teeth. 

P 1/ had two roots. P 2-4/ have complete internal 
cingula. P2/ has the protoloph and metaloph separate and 
parallel, but connected well above the level of the cingu- 


66 BULLETIN 50 226 


lum. P 8/, rather worn, has the same character as the 
type of S. occidentale—or of most other members of the 
genus after a corresponding amount of wear. P 4/ has 
the character of S. occidentale or S. copei, in that the hypo- 
cone is a bud from the protocone, and the metaconule joins 
its anterior end. The molars have incomplete internal 
cingula. M 1/ is well worn. It has a medifossette com- 
pletely cut off by the antecrochet. The internal cingulum, 
absent from the inner slopes of the two lophs, is very 
strongly developed across the valley, forming a dam of 
considerable height. M 2/ has no internal cingulum, ex- 
cept a slight-one on the protocone, which does not close off 
the median valley. The antecrochet cuts off a deep medi- 
fossette. There is a faint trace of a crochet on the left 
side, but none on the right. The protocone of M 3/ inter- 
rupts the cingulum internally. There is a trace of the 
posterior buttress, and a distinct post-fossette. The molars 
have no external cingula, except a faint trace on the para- 
cone of M 1/, and an extension along the ectoloph of M 3/ 
external to the posterior buttress. 

The lower teeth are in very fragmentary condition, but 
they show unusually heavy cingula. Right P /2 is com- 
pletely surrounded by a cingulum, except for a short space 
posteriorly. Left P /3 is almost completely surrounded by 
a cingulum, except for short interruptions by the metaconid 
and entoconid. The anterior, posterior, and external val- 
leys are definitely enclosed at their feet. Right M /1 has 
a cingulum extending from the paraconid onto the meta- 
conid, enclosing the anterior valley, and another from the 
metaconid to the entoconid, blocking the posterior valley 

The level of this form is not known. It gives a sur- 
prising mixture of characters, since the premolars are in- 
distinguishable from Subhyracodon occidentale, and the 
molars, by themselves, would probably be referred to a new 
species of Diceratherium (in the restricted sense). It seems 
quite possible that the explanation of this apparent dis- 
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crepancy lies in the field of genetics, rather than of 
paleontology. 


Subhyracodon metalophum (Troxell) 1921 


Aceratherium occidentale hoe Osborn, 1898 (A. M. N. H. No. 
1123, Pl. XIII, Fig. 1 
Cznopus tridactylus Fo hen Troxell. Troxell, 1921 a (fig. 4). 


“Holotype, No. 10245, Y. P. M. Probably Middle Oligo- 
cene, Rushville, Nebraska.” Another specimen virtually 
identical with this, A. M. N. H. No. 1123, from the Upper 
Oreodon Beds, collected by American Museum Expedition 
of 1894, was described and figured by Osborn (1898). This 
form was larger than Suwbhyracodon occidentale, smaller 
than Subhyracodon tridactylum and probably hornless in 
both sexes. I 2/?,C 0/?, P4/?,M 3/?. 127/ isstill large. 
The protoloph and metaloph of P 4/ are separate and paral- 
lel. The upper molars are smaller individually and col- 
lectively than in Subhyracodon tridactylum and have no 
secondary folds. 

Osborn regarded this form as an advanced evolutionary 
stage of Subhyracodon occidentale, whereas Troxell consid- 
ered it a primitive sub-species of Subhyracodon tridac- 
tylum. It is probably simplest to raise it to specific rank, 
and this would seem-to be justified by its difference in 
character and level. Both stratigraphically and morpho- 
logically, it succeeds the typical Subhyracodon occidentale, 
and precedes the typical Subhyracodon tridactylum. Mor- 
phologically, it is also possible to derive it from Subhyraco- 
don trigonodum. Stratigraphically, either form would an- 
swer equally well as an ancestor. 

Y. P. M. No. 10254 has no trace of a mure on the upper 
premolars. In A. M. N. H. No. 1123, however, there is a 
mure on both P 4/’s, and on right P 2/ (omitted in Os- 
born’s figure, 1898), but no trace of it on left P 2/. 


The Effects of Wear in Subhyracodon 
An old Subhyracodon copei would assume the same pat- 
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tern as an old Subhyracodon occidentale. A worn Subhy- 
racodon trigonodum would be less easily distinguishable 
from a worn Subhyracodon occidentale. It would, how- 
ever, never become absolutely identical with it, for P 4/ 
of the former would always have the protoloph and meta- 
loph forming a blunted v, whereas, in the latter, the meta- 
conule would always hook on to the antero-external edge 
of the hypocone, so that the hypocone projects backward 
beyond the metaconule, although the extent to which it 
projects is progressively reduced by wear. A worn Sub- 
hyracodon occidentale may become indistinguishable from 
a worn Subhyracodon metalophum, and vice versa. 

There is no reason to confuse the unworn pattern of any 
of the four species with any of the others. 


Subhyracodon Brandt 1878 
Anchisodon Cope 1879 


The genoholotype is Aceratherium quadriplicatum. 


Subhyracodon ? quadriplicatum (Cope) 1873 


Hyracodon quadriplicatus (Cope) 1873 

Accratherium quidriplicatum (Cope). Cope, 1875. 

Aceratherium (Subhyracodon) quadriplicatum (Cope). Brandt, 18738. 
Anchisodon quidriplicatus (Cope). Cope, 1879. 

Aceratheriuin quadriplicatum (Cope). Matthew, 1899. 

Anchisodon quadriplicutus (Cope). Osborn and Matthew, 1909. 


The holotype, A. M. N. H. No. 6339, from the (? Upper) 
Oreodon Beds, Cedar Creek, Logan County, Colorado, was 
collected by Professor Cope in 1873. It consists in the first 
and second left upper deciduous premolars and the first, 
second, and third right upper deciduous premolars. They 
are probably referable to some member of the genus Sub- 
hyracodon, even as here restricted, and, more likely than 
not, to Subhyracodon occidentale or metalophum, but they 
are not certainly determinable. The genus is regarded 
tentatively as a synonym of Subhyracodon, and the species 
as indeterminable. 
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Subhyracodon tridaciylum (Osborn) 1893 
Pl. XIII, fig. 8, and Pl. XVII, Osborn, 1898 


Aceratherium tridactylum Osborn. Osborn, 1893. 
Diceratherium proavitun: Hatcher. Hatcher, 1894. 
Aceratherium tridactylum Osborn. Osborn, 1898. 

Cenopus tridactylus (Osboin). Osborn and Matthew, 1909. 
Cenopus tridactylus (Osborn). Troxell, 1921 a. 

Cexnopus tridactylus proavitus (Hatcher). Troxell, 1921a. 
Diceratherium tridactylum (Osborn). Osborn, 1923, b, p. 215. 


The holotype is A. M. N. H. No. 538, a skull and nearly 
complete skeleton, collected by the Expedition of 1892, from 
the Protoceras Beds of South Dakota. Incipient horns are 
present ‘in the males» 1I-2/2,°C 0/0, P 4/(4)-3, M 3/3. 
I 2/ is small. The protoloph and meitaloph of P 4/ are 
separate and parallel. Secondary wrinkles may appear on 
M 1/ or M 2/. I /2 ig semi-evect to semi-procumbent. 
This species differs from Subhyracodon metalophum in its 
horizon, larger size, the presence of incipient horns on the 
male, greater length and width of the upper molars, oc- 
casional greater complication of the pattern of the upper 
molars, and the mcre frequent development of incipient 
mures on the upper premolars. 

The type skull has an alveolus for the third left lower 
incisor and the first right lower premolar. The occasional 
presence of four lower premolars is almost certainly due 
to the abnormal retention of dP /1, a very small tooth, 
agreeing with what is unquestionably dP /1 in calves of 
Subhyracodon occidentale and Subhyracodon tridactylum. 
This tooth is both smaller and simpler than the P /1 (or 
possibly dP /1) of Trigonias osborni and Trigonias ? 
gregoryi. <A calf lower jaw of Subhyracodon tridactylum, 
A. M. N. H. No. 1112, from the Protoceras Beds, has the 
formula I /2, C /0,d P /4 (M /1 just about to erupt). The 
alveolus for dP /1, which has dropped out, measures 
12 x8.5 mm. 

Osborn’s original description is incorrect in two points. 
The union of the pos%-glenoid and post-tympanic processes 
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in the type skull is apparently due to crushing. And, as 
Peterson pointed out (1911), the statement “no trace of 
fifth digit’ is inexact, as the same nubbin representing 
metacarpal V, with its facet on the unciform, is present, 
as in Subhyracodon occidentale and Menoceras cooki. 

If Subhyracodon tridactylum were transferred to the 
genus Dicatherium, as was done by Osborn (1923b), it 
would have the advantage of making the latter genus nomi- 
nally, as well as actually, monogenetic (see:Miller, 1923, for 
definition of this term), according to the phyletic tree sug- 
gested below. However, it does not seem desirable to trans- 
fer a species to a different genus on quite such a slim basis, 
and this species really agrees more closely with Subhyraco- 
don occidentale, the type of its genus, than with Dicera- 
therium armatum, the type of the succeeding genus. 

U. S. N. M. No. 11340 is apparently referable to this 
species, although it is very small, agreeing in size with the 
type of S. occidentale.. Its red matrix suggests strongly 
that it came from the Oreodon Beds, but its level and exact 


locality were not recorded. 


Diceratherium Marsh 1875 

The genoholotype is Diceratherium armatum Marsh, 
Y. P. M. No. 100038, from the Lower John Day of Oregon. 
These were large Miocene rhinoceroses with paired horn 
cores on the nasals in the males, the females being horn- 
less or nearly so. The horn cores are antero-posterior 
ridges; near to, but not on the ends of the nasals, and not 
knob-shaped. The upper cheek teeth are simple in pattern 
for Miocene rhinoceroses, with relatively few secondary 
crests and folds. A mure frequently ocurs on the upper 
premolars. 

The splitting off of Menoceras Troxell as a separate 
genus from /Jiceratherium Marsh is here tentatively ac- 
cepted. The splitting off of Metacenopus Cook from Di- 
ceratherium, on the basis of sex characters, seems totally 
unwarranted, and Metacwnopus (Cook, 1909) is here con- 
sidered as congeneric with Diceratherium. 
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The following species seem to be quite certainly valid: 

Diceratherium armatum Marsh— John Day and Great 
Plains 

Diceratherium annectens (Marsh)—John Day 

Diceratherium cuspidatum Troxell—John Day 

Diceratherium lobatum Troxell—John Day 

Diceratherium niobrarense Peterson—Great Plains 

Diceratherium avum (Troxell)—Great Plains. 

Y. P. M. No. 10235, “Diceratherium ef. armatum,” from 
the Upper Oligocene, North Fork of the White River, col- 
lected by Mr. H. C. Clifford, resembles Diceratherium ar- 
matum so closely that there does not scem to be any reason 
against referring it definitely to that species. The only 
appreciable difference is the presence of a mure on P 4/, 
which is absent in the John Day form. 

What seems the most plausible view of the interrela- 
tionships of the different species is given in the phyletic 
tree near the end of this paper. 


Diceratherium avum (Troxell) 1921 


Czenopus tridactylus avus Troxell. Troxell, 1921a (fig. 5). 
The holotype is Y. P. M. No. 10251, collected by Mr. 


Brown from the Protoceras Beds of South Dakota. The 
animal was slightly larger than Subhyracodon tridactylum. 
There is a mure on P 2/ and P 3/. M 1/ and M 2/ have 
a crochet running from the metaloph which cuts off part 
of the median valley, giving an enclosed basin, as in Sub- 
hyracodon gidleyi, although smaller and arising in a dif- 
ferent way. 

This form was described and figured by Troxell, who 
regarded it as an advanced subspecies of Subhyracodon 
tridactylum. It seems sufficiently advanced over that form 
to deserve specific rank. Its greater size and the increas- 
ing complexity of the cheek teeth make it seem preferable 
to include it tentatively in Diceratherium. The intergrada- 
tion of the two genera is so close, that any line of separation 
is rather arbitrary. 
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Diceratherium ? persistens (Osborn) 1904 
Cznopus persistens Osborn. Osborn, 1904. 

The type of this species is A. M. N. H. No. 9081, col- 
lected from the Miocene of Logan County, Colorado, by the 
Expedition of 1898. 

This animal was probably a female dicerathere. The 
teeth are so worn that any specific determination would 
be highly questionable. 

Paraczenopus Breuning 1923 
Genoholotype: Preaceratherium filholi (Osborn). 


Aceratherium filholi Osborn. Osborn, 1900. 
Przaceratherium filholi (Osborn). Abel, 1910. 
Acerotherium filholi Osborn. Roman, 1912. 
Paracznopus filholi (Osborn). Breuning, 1923. 


The most useful figure of this species, in addition to 
Osborn’s (1900), is published by Abel (1914). It shows 
the premolars in exactly the stage of evolution of Subhy- 
racodon occidentale, with, however, a well-marked remnant 
of the posterior buttress on M 3/. 

Breuning refers this genus to a new subfamily, the 
Cenopine. The closest resemblances of this genus would 
seem to be with Subhyracodon or with Amphicxnopus, new 
genus, judging by the published figures. If it is eventually 
held to be congeneric with the former, it becomes, of course, 
a synonym. If it is congeneric with the latter, it takes 
precedence. That it is generically distinct from both is 
still another possibility. 


Amphicenopus, new genus 


The genoholotype is Acerutherium platycephalum Os- 
born and Wortman. This genus consists of very large, un- 
progressive Oligocene rhinoceroses, extending from the 
Titanotherium Beds to the Protoceras Beds. They are 
hornless in both sexes. The manus is unknown. P 3/ re- 
sembles Trigonias gregoryt, with the median valley escap- 
ing posteriorly. The internal cingulum on the premolars 
is complete, but, relatively, slightly weaker than in mem- 
bers of the genus Subhyracodon, as here restricted. The 
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internal cingulum on the upper molars is altogether absent, 
or very weak. When present, the chief trace surrounds 
the protocone of M 3;. A trace of the posterior extension 
of the ectoloph appears rather frequently on M 3/. I /2 
is procumbent. This genus shows its closest relationships 
to Trigonias, especially to Trigonias paucidens, and through 
it, to Trigonias osborni (see above). It seems probable that 
these two species are in its ancestral line. C 1/ is the first 
upper tooth to be lost, in this line. 

This genus, as suggested by Osborn (1900), shows defi- 
nite resemblances to Paracenopus filholi (Osborn). (See 
Abel 1910 and Roman 1912.) It is also remotely possible 
that it is related to the genus Protaceratherium Abel 
(1910). Paracenopus differs chiefly in having a well de- 
veloped internal cinguium on the molars. Its premolar 
metamorphosis commences with P 2/, as in the American 
forms, but P 3/ is more advanced, whereas P 4/ is much 
more primitive, than in Amphicznopus. Protaceratherium 
resembles Amphicenopus in the reduction of the internal 
cingulum of the molars, but is much more advanced. Un- 
less, however, the contrary is proved, it seems much more 
probable that the American forms are a separate line of 
autochthonous development, arising from Trigonias. 


Amphicznopus platycephalus (Osborn and Wortman) 1894 
Pl, XVIII, Osborn, 1896 


Aceratherium platycephalum Osborn and Wortman. Osborn and 
Wortman, 1894. 

Aceratherium platycephalum Osborn and Wortman. Osborn, 1898, 
Pl. XIII and XVIII. 

Czenopus platycephalus (Osborn and Wortman). Osborn and Mat- 
thew, 1909. 

Cznopus platycephalus (Osborn and Wortman). Troxell, 1921 a. 


The holotype is a skull, A. M. N. H. No. 542. A. M. N. H. 
No. 540, consisting of right P 1/—M 3/ is the paratype. 
Both these specimens, and all other known specimens re- 
ferred to this species, except A. M. N. H. Nos. 1478 and 
12453, are from the Protoceras Beds. I 2-(1)/2, C 0/0, 
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P 4/4-3, M 3/3. 1/2 is semiprocumbent. These are horn- 
less rhinoceroses exceeding Subhyracodon tridactylum in 
size, with rather unprogressive premolars. The internal 
cingulum is complete and quite well developed on the upper 
premolars. P 1/ is relatively small, and simple in the slight 
development of its protoloph and metaloph. P 2/ is well 
advanced. Its protoloph and metaloph are parallel, and are 
separate until an advanced stage of wear. P 3/ is never 
molariform. Its hypocone is a conical cusp, distinct from 
both protocone and metaconule until a fairly advanced stage 
of wear, when it becomes confluent with the protocone. 
The principal outlet of the median valley is posterior. P 4/ 
is variable. In A. M. N. H. No. 540, it resembles P 3/ 
closely, with the hypocone an independent cusp, but more 
closely attached to the protocone, making the principal out- 
let of the median valley the posterior one. In the type, 
A. M. N.-H. No. 542, the deepest outlet of the median valley 
is internal, on both sides. Right P 4/ has the hypocone 
attached to the metaconule, though it may well have been 
separate in the unworn tooth. Left P 4/ is more molari- 
form, and resembles some specimens of Subhyracodon tri- 
dactylum. There is no internal cingulum, except: a rudi- 
ment in the valley on M 1/ and M 2/. M 38/ apparently has 
none in the type, but a nearly complete, although rather 
faint one in the paratype. 

In the original description (Osborn & Wortman, 1894), 
the type is given as No. 545. Osborn (1898, page 140) 
gives No. 542 as the type. No. 540 is given as co-type 
(= paratype) in 1894, and in 1898 on page 140. In the 
same paper, however (Osborn 1898, page 141 and Plates 
XIII and XVIII), No. 540 is referred to as the type, and 
No. 542 as the co-type. This confusion can be cleared up 
definitely, as the type description is of the skull, No. 542, 
although, by a misprint, it is called No. 545. The set of 
right cheek teeth, No. 540, is therefore the paratype. 

Osborn (1898) described the lower jaw from A. M. 
N. H. No. 1444. Its most diagnostic character is the large 
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size of the teeth and the jaw. 


Amphicznopus platycephalus ? (Osborn and Wortman) 
Aceratherium platycephalum Osborn and Wortman. Osborn, 1898, 
p. 141, A. M. N. H. No. 1478, 

This description is based on A. M. N. H. No. 1478, col- 
lected by Mr. J. W. Gidley, in 1896, from the Titanotherium 
Beds, Sand Creek, Hat Creek Basin, Nebraska. I 1/(3)-2, 
C0/0, P 4-3/4—3, M 3/3. The specimen consists of the 
skull with the lower jaw, with P 2/-M 3/ of both sides, 
left P /4—M /8 and right M /2 and M /3, with cervicals 
2-5, and a metatarsal, and both I 1/’s, right I /1-2, left 
I /1-3, left P /1-3 and right P /2-M /1, represented by 
their alveoli. The individual was very old, and the teeth 
are exceedingly worn, so that most of the pattern is oblit- 
erated. The following characters are still apparent. The 
internal cingula on the upper premolars are complete, but 
not especially prominent. P 4/ has the hypocone still con- 
nected with the protocone (although partly separated from 
it by a groove, internally), allowing the median valley to 
escape posteriorly. Both third upper molars retain faint 
traces of the posterior buttress. The upper molars are 
without an internal cingulum. There are very small al- 
veoli for the third left lower incisor and the first left lower 
premolar, but there is no trace of either on the right side. 

It is rather probable that a younger specimen would 
show differences of specific value from Amphicenopus 
platycephalus, but it seems best to allow the new species, if 
it is one, to be founded on some less nondescript type speci- 
men. A younger specimen would be likely to show a closer 
approach toward Trigonias paucidens. If a new species 
were named from this specimen, the chief character would 
have to be its horizon. There are minor morphological 
differences. It is slightly smaller throughout. The man- 
dible is much shallower under P /2. The lower jaw of 
Amphicenopus platycephalus, A. M. N. H. No. 1444, has a 
double mental foramen under the lower incisor tusk. In 
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this specimen it is single, under P /1 on the left and an- 
terior to P /2 on the right side. The character of this 
foramen, however, seems to be very variable and of little 
or no diagnostic importance. Judging from the characters 
that are still preserved, this form is noticeably mere ad- 
vanced than Trigonias paucidens, in the loss of I 3/ (and 
I 2/??), in the increase in size of the hypocone of P 4/ and 
in its closer approach to separation from the protocone. 

A. M. N. H. No. 12453, collected by Mr. H. F. Wells in 
1905, from the Upper Titanotherium Beds, Cane Creek, 
South Dakota, a very. badly damaged lower jaw, has the 
same abnormally slender rami as No. 1478. This may 
turn out to be a good specific character. 

Amphiceenopus ? simplicidens (Cope) 1891 Fig. 43, Osborn, 1898 

Cenopus simplicidens Cope. Cope, 1891. 

Aceratherium simplicidens (Cope). Osborn and Wortman, 1894. 

Cxenopus (= Subhyracodon) simplicidens (Cope). Osborn and Mat- 
thew, 1909. 

Cenopus simplicidens Cope (of doubtful validity). Troxell, 1921 a. 

The holotype is A .M. N. H. No. 10708, from the Oligo- 
cene, Big Badlands, S. D., consisting of the third left upper 
molar with rather more than half of the second left upper 
molar attached to it. It is not determinable specifically, 
nor, with absolute certainty, generically. M 2/ has no in- 
ternal cingulum, M 3/ has a weak one. It is more probably 
Amphicenopus cf. platycephalus than anything else, but 
might almost equally well be referred to as Trigonias cf. 
osborni or to Trigonias cf. paucidens, and other references 
might be conceivable. The degree of resemblance certainly 
does not warrant reducing Amphicxvnopus platyccephalus to 
synonymy. This “species” has only an antiquarian interest 
and should be dropped from faunal lists. 

DISCUSSION 

There are several interesting conclusions that can be 
drawn from the last table. It would appear that the ratios 
Mtc III/R, and, to a lesser extent, Mts III/T, tend to be 
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quite stable in the Rhinocerotoidea. The great divergence 
of Triplopus in R/H from all other rhinoceroses, even the 
most highly cursorial, is an evidence of its remarkably high 
cursorial specialization, which seems even more out of place 
on account of its very early age. The two living African 
rhinoceroses are seen to be very close together, throughout. 
This is probably due to the combination of rather close re- 
lationship and generally similar habitus. The striking 
parallelism between Teleoceras and Metamynodon, and be- 
tween Menoceras, Hyracodon, and Hyrachyus, may be re- 
garded as due solely to convergence in members of the 
same general group. The first case represents a semi- 
aquatic, hippopotamus-like development; whereas the sec- 
ond represents a fairly high degree of cursorial adaptation. 
Various other deductions of a less striking character could 
be drawn. 

The new genus, Hotrigonias, throws the first definite 
light on the Eocene history of the true rhinoceroses. Study 
of the genus Trvigonias shows the close resemblance of 
Trigonias osborni to Eotrigonias rhinocerinus leading, in 
the other direction, through Trigonias paucidens to the 
Amphiczxnopus line. The trace of a posterior buttress on 
M3/ in most specimens of Trigonias osborni, as well as its 
sporadic occurrence in other Oligocene forms, is of con- 
siderable interest as showing a retention of, or reversion 
toward, the primitive condition. 

The generic names, Trigonias, Cenopus and Dicera- 
therium as generally used in the past, represent a horizontal 
classification and not a vertical, or truly genetic one. Tvri- 
gonias is “multiserial,” and Cxnopus and probably, Dicera- 
therium are “polygenetic’”’; but the American Eocene and 
Oligocene Rhinocerotid# as a whole are only multiserial. 
There is no evidence whatever that they are polygenetic 
(See Miller, 1923, for definitions of these terms). For this 
reason, the “Cenopus’’ group is split into three genera, and 
the -vlitting off of Menoceras from Diceratherium is tenta- 
tively accepted. 
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Osborn’s division (1898) of the American Oligocene 
Rhinocerotide into two series, largely on the basis of the 
position of the premolar hypocone, is in part artificial, since 
this character is chiefly indicative of the stage of evolution. 
His series “II’’ is, in all probability, a real one, but his 
series ‘‘I”’ is composite and artificial. Series “II,” the Sub- 
hyracodon copei-Diceratherium armatum line, has gradu- 
ally been confirmed in increasing detail. 

Osborn’s statement (1898) of the methods of metamor- 
phosis of the upper premolars in the Oligocene rhinoceroses 
can now be restated more clearly and accurately, and in 
greater detail. (It will be noted that the method differs 
in almost every respect from that followed by the horses.) 
The metamorphosis of the upper premolars in the true rhi- 
noceroses, hyracodonts and hyrachyids takes place as 
follows: 

1. The protoloph, consisting of the protocone and proto- 
conule, is the main transverse crest, the metaconule being 
a minor crest abutting on the protocone. AHyrachyus, Pro- 
thyracodon. 

2. The protocone elongates antero-posteriorly, and the 
hypocone commences to split off from it. Hotrigonias, 
Hyracodon petersoni, Triyonias osbornt. In both these 
stages, the median valley opens posteriorly. 


3a. The hypocone is, for 
a time, a separate cusp, coni- 
eal in Trigonias gregoryt, 
Amphicanopus platycepha- 
lus, and elongate in Meta- 
hyrachyus bicornutus. 


3b. The hypocone unites 
with the metaconule before 
separating from the proto- 
cone, giving an enclosed 
basin. Triplopus ? (ef. Lo- 
phialetes), Hyracodon arci- 
dens, Leptaceratherium tri- 
gonodum, Subhyracodon 
occidentale, Colonoceras 
agrestis. 


(Cevnopus mitis is already so progressive, that the ques- 


tion which course its ancestors took must be left open, but, 
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judging from P 3/, it followed 3b. Osborn’s putting this 
species in “I” is apparently based on the assignment of a 
specimen of S. cope to this species as paratype. 


3x: P 2/ is most’ pro- 38y. P 4/ is most pro- 
gressive, Trigonias, Amphi- gressive. Hyrachyidx, Amy- 
CHNOPUS, Subhyracodon, nodontide, Cxnopus mitis, 
Hyracodon petersont. most European true rhi- 


noceroses, Hyracodon ne- 
braskensis, H. apertus. 


4. P 2/—P 4/ have all become molariform, with the pro- 
toloph and metaloph separate and parallel. H. leidyanus 
and the Miocene to recent rhinoceroses. 

There does not seem to be any reason to attach pro- 
found significance to these differences in the exact order 
of appearance of equivalent stages in different lines. The 
hereditary material of these forms must have been funda- 
mentally similar; it is entirely to be expected that the same 
characters should appear in the various lines, but in dif- 
ferent order. 

The method of metamorphosis of the upper molars in 
the Amynodontide is uncertain, as they are already well 
advanced when they first appear. It seems rather likely 
that the metaloph is developed from the metaconule only, 
and that no hypocone ever developed, giving still another 
mode. 

Metamorphosis of the lower premolars takes place as 
follows in the Hyrachyide, Triplopodinz, and Hyracodon- 
tine: — 

1. The hypoconid is a simple antero-posterior ridge, 
well below the level of the trigonid. 

2. The entoconid appears as a separate, low, conical 
cusp. 

3. The entoconid elongates transversely, reaching the 
base of the hypoconid, but not attaining its height. 

4. The hypoconid and entoconid fuse into a continuous, 
asymmetrical crescent, as in the molars. 
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Judging from the condition in some specimens of T7i- 
gonias osborni, the earliest true rhinoceros in which the 
lower premolars are known, the Rhinocerotide follow a 
similar course, except that instead ot stage 3, the hypoconid 
throws off a hook mediad which fuses with the conical 
entoconid. The method tollowed by the Amynodontide is 
unknown. 

Peterson (1920) and Troxell (1922a) have endorsed 
Marsh’s suggestion (1877) that the horned rhinoceroses 
of the Miocene were descended from the horned Eocene 
torms (Colonoceras and Metahyrachyus). This seems 
highly improbable. The horns are rather too far posterior 
on the nasals to give rise to the condition in Menoceras. 
But a more important objection 1s the great improbability 
that the true rhinoceroses are polygenetic, still more that 
any true rhinoceros could be derived from a Bridger hy- 
rachyid, especially in view of the degree of advancement 
of the genus Hotrigonias. The ancestry ot Diceratherium 
(as restricted by Troxell) seems too definitely established 
to make it necessary to consider this suggestion as applied 
to it. Metahyrachyus bicornutus seems clearly worthy of 
generic distinction, and shows, as Troxell has pointed out, 
a number of resemblances to true rhinoceroses. The horn 
cores are so far posterior, however, that it seems highly 
unlikely that it could have been ancestral to any other 
known rhinoceros. Comparison with Hotrigonias indicates 
that it is simply the most progressive of the hyrachyids, 
paralleling the true rhinoceroses in some respects. 

The terms. “Diceratheriine”’ and ‘‘Aceratheriine,’’ when 
used in their customary complimentary sense for the 
horned and hornless American forms, are useless and mis- 
leading, and should be abandoned. If they are to be re- 
placed at all, which seems of doubtful utility in the present 
state of our knowledge, they should be replaced by names 
indicating the separate lines of development. 

Phyletic trees are extremely useful, if regarded as 
tentative summaries of contemporary knowledge. It is 
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much easier to deal intelligently with a group of related 
forms if they can be visualized as a unified whole, in their 
probable or possible relations to each other, rather than 
as a series of isolated items in a card catalogue. And cer- 
tainly, in principle at least, the phylogenetic viewpoint is 
closer to the truth. The “family tree” (fig. 1) is given as 
my interpretation of the most probable relationships of the 
forms discussed in this paper and of a few others. The 
assumed lines of descent are based primarily on tooth struc- 
ture, secondarily on the structure of the limbs. The subdi- 
vision of the old “Cznopus’” agglomeration also coincides 
with the bodily size of the different groups, giving series 
of small, intermediate, and very large forms. 

In regard to relative level of different forms in the 
Titanotherium Beds, Dr. Matthew states (verbal communi- 
cation) that it does not seem possible to correlate, even be- 
tween finds in different parts of the same general area. He 
believes that these deposits were made by streams which 
were constantly shifting their beds, and that the top of 
the beds in one locality may be equivalent to their bottom 
a few miles away. However, in the chart, forms from the 
Titanotherium Beds are placed in the level given by the 
collector, whenever it was recorded. 


SUMMARY 


1. During the lower Eocene, the rhinoceroses appar- 
ently split into four main lines, the little-modified descend- 
ants of the primitive type, the Hyrachyide; the Amyno- 
dontidze; the Hyracodontidz, which shortly split into two 
divergent lines, the Hyracodontine and the Triplopodine; 
and the Rhinocerotide. 

2. The Hyrachyide kept most of their primitive herit- 
age. The manus was always tetradactyl. No teeth were 
lost, except P /1. The premolars never became molari- 
form. The cusps of the upper molars never fully lost their 
separate identity by fusion into lophs. 
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3. The Amynodontide increased progressively in bulk. 
The tetradactyl manus was retained, and horns were never 
developed. The canines and molars increased enormously 
in size, whereas the incisors and premolars were reduced 
in number and size. 

4. The Hyracodontide developed cursorially, with tri- 
dactyl manus. The Hyracodontinze achieved moderate cur- 
sorial specialization and the premolars became progres- 
sively molariform. The Triplopodinz developed aberrantly, 
achieving great cursorial specialization associated with 
primitive or aberrant premolar characters. 

5. The Rhinocerotide, appearing in the Middle Eocene 
of America, developed, first as tetradactyl, then as tridactyl 
forms, with I 1/ and I /2 greatly enlarged, and with pro- 
gressive reduction of the other front teeth. The posterior 
buttress of M 3/ was soon lost. In the Oligocene of North 
America, there were three main lines of evolution, the 
small forms such as Cenopus mitis with P 2/ and P 4/ 
molariform; the larger forms such as Subhyracodon occi- 
dentale, in which metamorphosis commenced with P 2/, and 
the still larger series including Trigonias and Amphiczeno- 
pus platycephalus, in which the premolar metamorphosis 
was much retarded. 

6. Premolar metamorphosis in the rhinoceroses seems 
to occur as follows. In the upper teeth, the protocone 
elongates antero-posteriorly, and develops an _ incipient 
separation across the middle, marking off the posterior half 
as the hypocone. Either at this stage, or else after the 
separation is complete, the metaconule becomes attached 
to the hypocone, forming a complete metaloph. As a result, 
the median valley opens internally instead of posteriorly. 
There is a gradual backward rotation of the metaloph, un- 
til it becomes approximately parallel with the protoloph. 
This is accomplished partly by backward migration of the 
hypocone, partly by shifting the outer attachment of the 
metaconule anteriorly. 
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Metamorphosis of the lower premolars takes place as 
follows in the Hyrachyide, Triplopodinz, and Hyracodon- 
tine: 

1. The hypoconid is a single, antero-posterior ridge, 
well below the level of the trigonid. 

2. The entoconid appears as a separate, low, conical 
cusp. 

3. The entoconid elongates transversely, reaching the 
base of the hypoconid, but not attaining its height. 

4. The hypoconid and entoconid fuse into a continuous, 
asymmetrical crescent, as in the molars. 

Judging from the meagre evidence, the Rhinocerotidee 
follow a generally similar course, except that instead of 
stage 3, the hypoconid sends of a hook mediad, which fuses 
with the conical entoconid. The method followed by the 
Amynodontide is unknown. 
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EXPLANATION OF 
PLATE 1 


Fig. 1. Phylogenetic Chart. Page 81. 
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EXPLANATION OF 
PLATE 2 


FIGURE 
2. Triplopus cubitalis, type, A. M. N. H. No. 5095, right 
manus, x l. 
Page 13 


. Triplopus cubitalis, type, A. M. N. H. No. 5095, 

L P 1/-M 3/ (M 2-3/ reversed from right side), x 1. 
. Triplopus cubitalis ? A. M. N. H. No. 2344, 

RC /1-M /3, x1. 
. Triplopus grangeri, type, A. M. N. H. No. 1972, 
RM /1=3, x1. 

. Triplopus grangeri, type, A. M. N. H. No. 1972, 
L/P 4/-M-3/, x ds 
. Triplopus grangert ?, C. M. No. 2836, L P 3/—M 38/, x 1. 

Page 17 

8. Hyracodon nebraskensis, A. M. N. H. No. 12460 

LI /1-C /1, x1. 
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EXPLANATION OF 
PLATE 3 


FIGURE 
9. Epitriplopus uintensis, type, C. M. No. 3007 a, 


L P 1-3/,-d P 4/, M 1-3/, x 1. 


Page 19 
10. Prothyracodon obliquidens, A. M. N. H. No. 1971, 


RP 2/-M 3/, x1. 


11. Prothyracodon obliquidens, A. M. N. H. No. 1971. 


LP /1-M /8, x1. 


Page 22 
12. Young Hyracodon sp., C. M. No. 318, 


lea PSM 1 xe . 


13. Young Hyracodon sp., C. M. No. 3581, 


Ld P /4-M /1, x1. 
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Pl. 43, Vol. 18 BuLL. AMER. PAL. No. 50, Pl. 3 
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EXPLANATION OF 
PLATE 4 


FIGURE 
14. Triplopus grangceri ?, C. M. No. 3110, 
R-?P 3/—M 2/,. x1. 
15. Triplopus grangeri ?, C. M. No. 3110, 
LP /2=—M: /3, x 1. 
Page 17 


16. Hotrigonias petersoni, type, A. M. N. H. No. 2341, 
LP. 4/—Neos x1: 
Page 29 


17. Hotrigonias rhinocerinus, type, Y. P. M. No. 18331, 
bePe2/ a i3/, x 1. 
18. Hotrigonias rhinoccy.nzs, type, Y. P. M. No. 13831, 
R37, x 1. 
19. Hotrigonias rhinocerinus, type, Y. P. M. No. 13331, 
ReP?/ 42S. 
Page 32 
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EXPLANATION OF 


PLATE 5 
FIGURE 
20. Trigonias osborni, type, U. S. N. M. No. 3924, 
LP 1-3/, x 14. 
Pages 33-40 
21. Trigonias osborni, type, U.S. N. M. No. 3924, 
RP 3/, x tA. 
22. Trigonias osborni, C. M. No. 95, RM 3/, x 4. 
23. Frigonias osborn, C. M. No. 95, LM 3/, x \%. 


24. Trigonias osborni, C. M. No. 98, RP2/-—M 3/,x Wh. 

25. Trigonias osborni, U.S. N. M. No. 4815, 
LP /1-M /1, x \%. 

26. Trigonias osborni, A. M. N. H. No. 9792, 
R-i-f1 ~ P/4; x44. 

27. Trigoiias osborni, C. M. No. 97, 

lower incisors and R P /1-4, x 4. 
28. Trigonias osborni, C. M. No. 97, RM /1-8, x 14. 
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EXPLANATION OF 
PLATE 6 
FIGURE 
29. Subhyracodon gidleyi, type, U. S. N. M. No. 11337, 
RePwr2i x 


30. Subhyracodon gidleyi, type, U. 8S. N. M. No. 113387, 


262 


%. 


to By 216. 


31. Subhyracodon gidleyi, type, U. S. N. M. No. 11337, 
L, P27. sis. x 
Page 65 


32. Trigonias wellsi, type, A. M. N. H. No. 13226 (1), 
Lid/. bas dtl tabs x 
33. Trigonias wellsi, type, A. M. N. H. No. 13226 (1), 


LP 1-4/, x 


Page 46 


385. Trigonias paucidens, type, A. M. N. H. No. 11865, 
R-I 2-3/, LIE 3’, x 
Page 51 


38. Trigonias grejoryt ?, A. M. N. H. No. 13226 b, 


R-P~f1=8,-d° P-/4;"% 
Page 49 
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EXPLANATION O77 


PLATE 7 
FIGURE 
34. Trigonias wellsi, type, A. M. N. H. No. 18226 (1), 
LM1-/,x 14. 
Page 46 
36. Trigonias paucidens, type, A. M. N. H. No. 11865, 
RePiubet (> x 1h. 
Page 51 


37. Trigonias sp., A. M. N. H. No. 12308, LP 4/, x’. 
39. Trigonias gregoryt, type, A. M. N. H. No. 18226 a, 
IP 1—4) x YA. 
40. Trigonias gregoryi, type, A. M. N. H. No. 13226 a. 
LM.r-3/, x. 
Page 48 
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